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ABSTRACT OF THE DISSERTATION
Variability Among Later Stone Age Hunter-gatherers
by
Mica Bryant Jones
Doctor of Philosophy in Anthropology
Washington University in St. Louis, 2020
Professor Fiona Brigid Marshall, Chair
The hunting and gathering way of life is the most enduring and resilient in human history.
However, the ways that a wild food-based subsistence system affects people’s social and
economic organization are often oversimplified and variability is poorly understood. In general,
there’s been a tendency, particularly among non-Anthropologists, to assume that hunter-gatherer
societies are static and that historic groups represent an earlier, simpler way of life. This is
particularly true in Africa, where small, highly mobile groups are common ethnographically.
However, dramatic rainfall fluctuations over the last ~30,000 years significantly altered
resources available to hunter-gatherers in diverse environments of northern and eastern Africa.
To examine the ways hunter-gatherer groups responded to terminal Pleistocene and Holocene
climatic shifts and investigate social and economic variability through time, this thesis compares
two long archaeological sequences from distinct eastern African ecozones in semi-arid versus
humid settings.
Radiocarbon dates and faunal data from the Guli Waabayo rock shelter in the semi-arid plains of
the southern Horn of Africa revealed occupation between ~26-6 kya. New dates indicated that
early use of the site occurred during a period of aridity in the last glaciation, but Holocene
occupation was associated with higher rainfall. Faunal species representation demonstrates that,
ix

throughout these fluctuations, people maintained a remarkably consistent focus on small game.
Taxonomic and age based evidence for specialized dik-dik net-hunting during both arid and
humid periods indicates maintenance of unique and resilient hunter-gatherer social and economic
strategies that allowed people to survive on the Buur Heybe inselberg for thousands of years. In
comparison, excavations at the Namundiri A shell midden in Uganda provide new insights into
the flexibility of complex Kansyore hunter-gatherers who occupied the well-watered Lake
Victoria Basin of East Africa ~8.5-1.5 kya. Dates from the site are the first evidence of Kansyore
occupation between ~7-4.4 kya, which, combined with site location and faunal data, indicate
relatively stable lifeways along the lakeshore leading up to an arid phase in the mid-Holocene
~5-4 kya. Abandonment of the lake’s edge and an increased emphasis on fishing along inland
rivers after this period suggests reorganization among hunter-gatherers in response to changing
climatic and environmental conditions in order to maintain a consistent presence in the region.
This examination of Late Quaternary and Holocene hunter-gatherers living in drier and wetter
regions of eastern Africa draws attention to the different ways foraging groups responded to
environmental and social shifts in order to maintain continuity over long time spans. Together,
these two case studies highlight unique hunter-gatherer strategies that involved reduced mobility
and subsistence specialization, which are not documented in the ethnographic record of Africa.
As a result, this research helps to expand global understandings of variability in the hunting and
gathering lifestyle.

x

Chapter 1: Introduction
Hunting and gathering has been the most flexible and resilient socioeconomic strategy in human
history. Studies of hunter-gatherers provide critical insight into the capacity of people to adapt
and change along with, rather than against, shifting ecological conditions. Modern forager 1
groups, however, are few and often live in marginalized socioecological contexts (Ames 2004).
With its long temporal scope, archaeology provides the opportunity to examine variability
among hunter-gatherers in a range of different geographic and environmental settings (RowleyConwy 2001). As a result, archaeologists are central to theoretical discussions of why different
economic strategies develop through time and how social and cultural diversity can emerge
locally out of such transformations.
Archaeological perspectives on hunter-gatherer variability have changed considerably over the
last two decades. Foundational models examined dichotomies between foragers with elaborate
social structures and those without (Binford 1980; Kelly 1995). Recent analyses of social fluidity
suggest that prehistoric hunter-gatherers were capable of greater flexibility and self-organization
than originally thought (Angelbeck & Grier 2012; Wengrow & Graeber 2015). Other scholars
have employed Resilience Theory to examine socioeconomic flexibility among ancient foragers
in response to ecological variability (Hoover & Hudson 2016; Rosen & Rivera-Collazo 2012).
Hunter-gatherer flexibility and resilience, however, has been primarily studied in temperate
latitudes and less is known about the tropics.
Paleoclimatic data indicate that people living across northern and eastern Africa endured extreme
climatic oscillations between aridity and humidity over the last ~26,000 years (Adkins et al.

1

For the purpose of this dissertation, the terms “hunter-gatherer” and “forager” are used interchangeably.
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2006; Berke et al. 2014; Thompson et al. 2002; Zhao et al. 2017). The timing, degree, and nature
of these climatic shifts varied greatly by region (Costa et al., 2014; Enzel et al., 2015), as did
people’s responses to them. During the hyper-arid Last Glacial Maximum ~26-15 kya, North
African hunter-gatherers increased their mobility and abandoned the expanding deserts of the
Sahara to inhabit more ecologically productive environments along lakes, rivers, and in highaltitude areas (Barich & Garcea, 2008; Garcea 2013; Prendergast et al. 2016; Vermeersch and
Van Neer 2015). With the southward expansion of Sahelian grasslands in the mid-Holocene ~5-4
kya, some groups in northern Africa adopted mobile herding practices and eventually moved
south into East Africa (di Lernia 2006; Marshall & Hildebrand 2002).
Hunter-gatherers of the Sahara, Nile, and eastern Africa became less mobile and many focused
on aquatic resources as rainfall increased in the humid early Holocene ca. 10,000-5,000 BP
(Sutton 1977; Gautier & Van Neer, 1989; Yellen 1998; Linseele & Zerboni 2018; Prendergast &
Beyin 2018). In some regions, such as the Tadrart Acacus Mountains of southwest Libya (Garcea
2006) and the Lake Victoria Basin of western Kenya (Dale 2007; Dale et al. 2004), scholars have
linked decreased early Holocene mobility and an increased reliance on local resources within
ecologically-productive areas to the emergence of delayed-return socioeconomic strategies. It is
unclear, however, how local forager groups living in the varied microenvironments of northern
and eastern Africa adjusted their social organization in response to changing terminal Pleistocene
and Holocene climatic and environmental conditions.
My dissertation research examines hunter-gatherer socioeconomic transformations in response to
ecological reorganization using case studies from two distinct eastern African ecotones— the
semi-arid plains of southern Somalia and the wet, productive lakeshores of eastern Uganda (Fig.
1.1). A legacy faunal collection from the Somali rock shelter site Guli Waabayo preserves a long
2

record of hunter-gatherer occupation in a dry, generally unproductive environment during a
period characterized by broad rainfall fluctuations ~26-5 kya. Further East on the banks of Lake
Victoria, Ugandan scholar Ruth Tibesasa from the University of Pretoria and I recently identified
15+ shell midden sites in eastern Uganda. Research at one site, Namundiri A, provides evidence
of Kansyore hunter-gatherer occupation in this resource-rich area leading up to an arid period in
East Africa ~5-4 kya. Within the context of other known Kansyore sites in the region, findings
from Namundiri A provide insight into changing forager behaviors as rainfall abundance and
frequency shifted throughout the Early and mid-Holocene. Together, these two case studies offer
an opportunity to examine changing Pleistocene and Holocene forager occupation patterns and
subsistence strategies with fluctuating climatic and environmental conditions in two different
eastern African contexts.
In this project, I use zooarchaeological and radiometric datasets to address three broad research
questions: 1) do subsistence specialization and evidence for repeated occupation at sites (reduced
mobility) coincide with increasing or decreasing rainfall predictability through time? 2) does this
relationship vary depending on the underlying ecology of the region? 3) did social reorganization
occur with changing hunting and mobility patterns in certain parts of eastern Africa during the
Holocene? In the following section I discuss the theoretical framework used to apply
archaeological datasets to broad anthropological questions about hunter-gatherer variability.

3

Figure 1.1 Map of eastern Africa showing locations of Namundiri A and Guli Waabayo (image © Google Earth
Pro).

1.1 Hunter-gatherer Variability
Many models portray forager variability as a binary between ‘complex’ and ‘simple’, but
scholars have recently acknowledged that hunter-gatherers in the past may have shifted between
various levels of social and economic complexity with some regularity (Arnold et al. 2016;
Rowley-Conwy 2001). Foundational ethnoarchaeological and archaeological studies recognize
social differences between forager societies that stress higher or lower mobility patterns and
subsistence diversity globally (Binford 1980; Hayden 1990; Price & Brown 1985). In most cases,
higher mobility and opportunistic hunting is observed among small, egalitarian or immediatereturn hunter-gatherer societies (Woodburn 1982). Scholars associate increased sedentism and
diversified hunting strategies with the emergence of more stratified hunter-gatherer systems.
4

Complex or delayed-return hunter-gatherer societies are classically defined by the dense
accumulation of archaeological materials at large sites that are spatially divided and contain
permanent structures, storage, diverse tool assemblages, exotic items, burial areas, and evidence
for ownership and resource specialization (Ames 2004; Dale et al. 2004). Binford (2001) and
Kelly (1995) have also argued that lower mobility and complex social systems are less likely to
develop in tropical latitudes and less productive environments. Complementing these
approaches, the ecological concept of “adaptive cycles” used in Resilience Theory allows
researchers to examine social responses to ecological conditions that fluctuate over long periods
of time (Folke 2006; Gunderson et al. 2002; Redman 2005).
Archaeologists working with Resilience Theory discuss societal change as the product of cycles
in which people continually organize and reorganize their strategies to suit the environmental
and social conditions in which they live. Resilience Theory has been critiqued as being more
descriptive than predictive (Weichselgarner & Kelman 2015) and in some cases environmentally
deterministic (Butzer 2012). However, the four stages of collapse (Ω), reorganization (α),
exploitation (r), and conservation (K) within adaptive cycles provide a useful framework for
examining hunter-gatherer behavioral flexibility in response to shifting climatic conditions
(Hoover & Hudson 2016; Rosen & Rivera-Collazo 2012; Solich & Bradtmöller 2017; Thompson
& Turck 2009). Discussions of the pace and duration of each cycle has been tied to rates of
ecological or social change (Folke 2006; Walker et al. 2004), which can then be examined over
long timescales archaeologically. Resilience Theory scholars argue that during climatic and
environmental upheaval, rates of collapse and reorganization speed up as people adjust to rapidly
shifting ecological conditions. Alternatively, at times of relative climatic and environmental

5

stability, exploitation and conservation stages stretch out as societies reach and maintain
socioecological equilibrium.
Archaeologists have also recently examined social fluidity among hunter-gatherers in northern
Eurasia and North America at shorter timescales than previously considered. Wengrow and
Graeber (2015) argue that Paleolithic hunter-gatherers in Eurasia reorganized religious and
political systems within an annual cycle to accommodate changing socioeconomic structures
dictated by ecological changes. Similarly, so called “anarchist” archaeologists suggest that
egalitarianism among prehistoric North American hunter-gatherers was mutable and allowed for
shifting patterns of cooperation to mitigate social and environmental changes (Angelbeck &
Grier 2012; Carballo et al. 2014; DeMarrais 2016). These examples, however, focus largely on
change among hunter-gatherers in highly seasonal, temperate environments and do not address
flexible subsistence strategies in the tropics, where resources vary little over the year and
alteration to the composition and abundance of resources occurs more commonly over decades,
centuries, or millennia.
In tropical environments, the concept of “adaptive cycles” allows researchers to investigate longterm chronological changes in prehistoric hunter-gatherer behavior evidenced in long
archaeological sequences, such as that from Guli Waabayo, and among millennial-scale cultural
sequences, such as is observed among the Kansyore. I find this approach useful for
conceptualizing relationships among potential social and economic reorganization and climatic
variability in eastern Africa. Binford’s (1980, 2001) distinctions between logistical and
residential forager mobility and concepts of ownership of place, which Woodburn (1982) links to
delayed-return subsistence strategies, also provide a useful framework for examining drivers of
social change.
6

1.1.1 Mobility, Subsistence, and Social Variability in NE Africa ~26-5 kya
In northern and eastern Africa, hunting strategies are commonly discussed in terms of variation
in mobility and complexity among hunter-gatherers over the last ~12,000 years. At Enkapune ya
Muto and Lukenya Hill rock shelters in Kenya, Marean (1992a, 1992b) has argued that
egalitarian, residentially mobile foragers opportunistically hunted medium and large ungulates in
the savanna grasslands surrounding these sites. Hunter-gatherer groups are thought to have
followed game across the landscape and used the rock shelters as temporary hunting camps
throughout much of the Holocene. In historic times, on the other hand, Mutundu (1999)
identifies specialized small mammal trapping practiced by hunter-gatherers at Shulumai rock
shelter in Laikipia Kenya, which he argues was key to supporting a logistically based, sedentary
lifestyle among small foraging groups. In southern Somalia, Brandt (1988) has argued for low
levels of mobility among Holocene hunter-gatherers and use of inselbergs as refugia, but there
has been little examination, to date, of related changes in social and subsistence organization
through time (but see Jones et al. 2018).
Scholars have, however, discussed the development of delayed-return, logistically organized
strategies in the Tadrart Acacus Mountains of southwestern Libya during the early Holocene.
Barich (2013) and Garcea (2006) suggest that there is evidence for increased investment in place
indicated by rock features and rock art with intensification of wild plant foods and territoriality.
Di Lernia (2001) also argues for the development of highly specialized barbary sheep hunting
and management strategies. In productive, lacustrine environments of East Africa, Dale and
others (Dale 2007; Dale & Ashley 2010; Dale et al. 2004; Prendergast & Lane 2010) argue that
Kansyore groups intensified their site-use and supplemented their subsistence with increasingly
specialized fishing strategies that included fish weirs and storage, suggesting ownership and
7

technological investment. Chronological gaps and a dearth of targeted archaeological research,
however, limit understanding of the strategies used by Kansyore hunter-gatherers to cope with
fluctuating Holocene environments.
Further information is needed on whether subsistence specialization and decreased mobility in
the Lake Victoria Basin coincide with increasing or decreasing rainfall predictability or
ecological transformation through time. Relationships between social reorganization and
changing hunting and mobility patterns in more arid regions are also poorly understood. In order
to explore these questions in diverse eastern African settings I analyzed a long terminal
Pleistocene and Holocene hunter-gatherer archaeological sequence preserved at Guli Waabayo in
southern Somalia. I also conducted excavations at a Holocene Kansyore shell midden site
(Namundiri A) on the shores of Lake Victoria in eastern Uganda. Together, these two case
studies provide a framework for investigating changing subsistence strategies and occupation
patterns as they relate to social and economic reorganization among terminal Pleistocene and
Holocene foragers in diverse African settings.

1.2 Project Orientation and Objectives
I report here on data recovered during zooarchaeological and radiometric analyses of two
archaeological datasets: a large legacy faunal assemblage from the Guli Waabayo rock shelter in
southern Somalia and fauna and charcoal recovered during excavation at the Namundiri A shell
midden in eastern Uganda. Below I summarize the histories of these assemblages, the processes
involved in analyzing them, and the specific questions that guided my research at these two
distinct, but related sites.

8

1.2.1 Research in Inter-riverine Southern Somalia
Landscape and ecology: Rising above the predominantly “bushland and thicket” vegetation
(White 1983) of the flat, low-lying Inter-riverine region of southern Somalia are hundreds of preCambrian granitic inselbergs (“buur” in Somali) of varying sizes and shapes scattered over the
landscape. Ecological studies of inselbergs across Africa outline distinct relationships among
rocky, irregular topographies, increased water catchment, and productive vegetation (Jürgens &
Burke 2000; Porembski & Barthlott 2000; Burke 2003; Müller 2007). Inselbergs such as Buur
Heybe, the largest and one of the tallest in the inter-riverine region at ~4.7 km2 in dimension and
610 m above sea level, support a diversity of plant and animal species and provide ecologicallyproductive environments for small, mostly territorial animals such as dik-dik (Madoqua sp.) and
hyrax (Procaviidae) (Brandt 1986, 1988; Kingdon 1971, 1982a, 2004). Oryx (O. beisa),
hartebeest (A. buselaphus), and lesser kudu (T. imberbis) may also be found in the vicinity of
these unique ecosystems (Kingdon 1982a, 1982b, 2004). Buur Heybe also serves as one of the
only perennial sources of fresh water in the area today. Evidence of long-term prehistoric huntergatherer occupations at Buur Heybe and the nearby Buur Hakaba inselberg suggest that the
abundance and stability of water, plant, and animal resources at the inselbergs of southern
Somalia influenced forager behavior during the terminal Pleistocene and Holocene (Brandt 1986,
1988; Jones et al. 2018).
Research at Buur Heybe: Between 1983 and 1989 S. Brandt and the Buur Ecological and
Archaeological Project (BEAP), sponsored by the University of Georgia and the Somalia
Academy of the Sciences, conducted archaeological survey and excavations in the Buur Region
of southern Somalia (Brandt 1986). The purpose of BEAP was to obtain archaeological data to
test a model for predicting human mobility strategies and the availability of natural resources in
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semi-arid southern Somalia (Dyson- Hudson and Smith 1978; Brandt 1988). At Buur Heybe,
Brandt and his team reported over 140 rock shelter sites. Excavations at two of these sites,
Gogoshiis Qabe and Guli Waabayo, revealed long (~1.5-2.5 m) lithic and bone sequences with
some pottery in the upper levels at both sites (Brandt 1986). Brandt (1988) believed these
materials belonged to Holocene, possibly terminal Pleistocene, hunter-gatherers based on
previous culture historical work in the region by J.D. Clark (1954). Dates on human burials from
Gogoshiis Qabe confirmed suspicions that people occupied the rock shelter during the Early and
mid-Holocene. Based on evidence from the burials and preliminary lithic data from the site,
Brandt (1988) argued that prehistoric hunter-gatherers may have developed concepts of
ownership and territoriality centered on the ecologically productive Buur Heybe landscape
within the otherwise flat, semi-arid plains of southern Somalia. Continued civil unrest bars any
further archaeological research in southern Somalia. This study follows on Brandt’s earlier work
by investigating a legacy faunal collection that has remained in storage since the late 1980s.
Collections history and analyses: Brandt and the Somali Academy of the Sciences expatriated
the fauna, lithics, and ceramics from Gogoshiis Qabe and Guli Waabayo to the U.S. just before
the onset of civil war and collapse of the Somali government. The lithics and ceramics recovered
by BEAP from Gogoshiis Qabe and Guli Waabayo are currently curated in S. Brandt’s
laboratory at the University of Florida. The fauna from Gogoshiis Qabe is with H. Bunn at the
University of Wisconsin, Madison. This project focuses on the Guli Waabayo fauna currently
curated in the Zooarchaeology Laboratory at Washington University.
Between August 2017 and May 2018, I analyzed the large faunal assemblage from Guli
Waabayo. My analysis involved sorting, identifying, and quantifying the assemblage. When
possible, I also recorded information about the estimated age of animals identified at the site as
10

well as any evidence of cut marks, gnawing, burning, and weathering. Following a
zooarchaeological analysis of the Guli Waabayo fauna, I spent a week in October 2018 selecting
and preparing mammal tooth enamel and ostrich eggshell specimens for radiocarbon dating in S.
Ambrose’s lab at the University of Illinois, Champaign-Urbana.
The purpose of my analyses was to investigate changing occupation and subsistence strategies at
the site in order to understand the ways in which hunter-gatherer reliance on Buur Heybe varied
over time. Specifically, I was interested in when and for how long people used the rock shelter
and whether there were clear breaks in the Guli Waabayo sequence that might relate to
movements away from the site at certain periods in the past. I also wanted to know if people
focused more or less on localized hunting of inselberg fauna through time. Faunal and
radiometric data from the site allowed investigation of changing forager social and economic
systems through time and the question of whether changing forager behaviors correlated with
fluctuating rainfall patterns in the terminal Pleistocene and Holocene. I then compared findings
from this study to data from Namundiri A in eastern Uganda in order to examine similarities and
differences in forager responses to climatic change in dry versus wet eastern African ecotones
over the last ~26,000 years.

1.2.2 Research in the Lake Victoria Basin, Eastern Uganda
Landscape and ecology: The Lake Victoria Basin spans ~190,000 km2 between the western
Great Rift Valley and the eastern Albertine Rift of East Africa. At its center sits the largest
tropical lake in the world, Lake Victoria, which covers 69,485 km2 (Saundry and WWF 2012).
The basin is much wetter than the semi-arid plains of southern Somalia, receiving ~1200-1600
mm of rain per year, which is highest during the long rains from March-May and the short rains
from November-December (Nicholson 1996, 1998; Sene and Plinston 1994). The basin is one of
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the most densely populated regions in Africa today (Juma et al. 2014). Intensive cultivation over
the last couple hundred years has fundamentally altered the landscape in the region, but
paleoenvironmental studies suggest that the Lake Victoria Basin was a forest-grassland mosaic
throughout most of the Early and mid-Holocene (Berke et al. 2012; Kendall 1969). To examine
the ways Kansyore foragers adjusted their occupation and subsistence strategies in the diverse
environments of the Lake Victoria Basin during a period of climatic instability ~9-5 kya, this
research examined fauna and charcoal recovered from Namundiri A in eastern Uganda.
Research in eastern Uganda: Ruth Tibesasa invited me to join her dissertation field project in
the summer of 2016. Including additional fieldwork that Ruth Tibesasa and I led in the summer
of 2018, this represents the first systematic archaeological research ever conducted in eastern
Uganda. This research primarily focused on identifying sites and constructing a basic culture
history for the region, since little was previously known about the prehistory of eastern Uganda.
During fieldwork in May and June of 2016, I assisted Tibesasa in conducting archaeological
survey and test excavations in the previously unstudied Busia and Namayingo districts of eastern
Uganda. We located 15+ new Kansyore sites along the shores of Lake Victoria. Excavations at
one of these sites, Namundiri A, uncovered a dense ~1 m midden stratigraphy composed of large
amounts of shell, animal bone, and ceramics as well as smaller amounts of quartz lithics.
Compared to other Kansyore sites in western Kenya, a preliminary analysis by Tibesasa of the
ceramics from Namundiri A suggested an intermediary stage between Early and Late Phase
typologies (following Dale and Ashley 2010).
To investigate the chronological relationship of Namundiri A to other Kansyore sites in western
Kenya, Tibesasa and I returned to the site to recover charcoal for radiocarbon dating in June and
July of 2018. We re-excavated the 2x2 m trench dug by Tibesasa and her team in 2016 to reveal
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the original stratigraphy, then excavated a 2x0.5 m trench extension into the SW wall.
Excavations of the Trench 1 Extension were conducted in 10 cm arbitrary units unless
depositional changes were observed. To ensure artifact recovery, all excavated sediments were
screened using 5 mm mesh. Ceramic, faunal, and lithic materials recovered from each level were
tagged and bagged separately. Flotation and geoarchaeological samples (5 L each) were also
collected from each stratigraphic layer. When encountered, charcoal specimens were mapped
and stored in aluminum foil. The study reported here focuses on the fauna and charcoal samples
collected in 2018.
Collections history and analyses: During excavations at Namundiri A, we recovered 30
charcoal specimens from the Trench 1 Extension. Upon returning to Kampala in July 2018, I
exported all charcoal samples to the Zooarchaeology Laboratory at Washington University in St.
Louis for sample selection and dating. Once the samples arrive in the U.S. in November 2018, I
sent four samples to the Radiocarbon Laboratory at Arizona State University to be processed for
AMS radiocarbon dates.
Immediately following excavations at Namundiri A, I also transported the faunal remains from
the site to the National Museums of Kenya in Nairobi for analysis between July and August of
2018. I was unable to systematically analyze the Namundiri A fauna at the Uganda Museum
since laboratory space and comparative materials were not available at the time. In Nairobi, I
conducted a detailed zooarchaeological analysis of all animal remains recovered from the Trench
1 Extension. My analysis followed similar methods to those used for the fauna from Guli
Waabayo.
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My analyses at Namundiri A examined occupation and subsistence patterns at the site in
reference to other known sites in western Kenya. Scholars suggested that mid-Holocene
Kansyore foragers developed a specialized seasonal subsistence pattern that focused on lungfish
(Protopterus aethiopicus) along the lakeshores during the dry season and carp and barbels
(Cypriniformes) at inland riverine sites in the wet season during an arid period in the midHolocene (Prendergast 2010; Prendergast and Lane 2010; Stewart 1991). Unfortunately, a large
gap in the chronology ~7-4.5 kya made it difficult to examine changing Kansyore site-use and
subsistence strategies through time. Evidence from Namundiri A provided a new datapoint for
investigating how long people remained solely on the shores of Lake Victoria and whether the
integration of seasonal fishing strategies in the mid-Holocene coincided with a period of
increased aridity and rainfall seasonality ~5-4 kya. Within the context of previous studies at
Kansyore lakeshore and inland riverine sites in western Kenya, faunal and radiometric data from
Namundiri A allowed me to investigate broad patterns of mobility and subsistence change
among delayed-return hunter-gatherers in the Lake Victoria Basin over a ~6,500-year period
characterized by increasing aridity and seasonal rainfall in the Lake Victoria Basin.
The following section lays out the basic organization of this dissertation, which is divided into
four articles, three that address the Guli Waabayo site and one that discusses Namundiri A,
followed by a discussion synthesizing the findings from these two sites located in very different
regions of eastern Africa.

1.3 Dissertation Organization
This dissertation is made up of four separate articles intended for publication in peer-reviewed
archaeological journals. Below, I outline these sections and the following discussion which
examines ways that research discussed in the articles answers questions related to the
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transformation of terminal Pleistocene and Holocene forager social and economic systems in
response to large-scale, regional fluctuations in rainfall. On a broader scale, I also consider what
the findings from this research add to global understandings of hunter-gatherer flexibility and
resilience in tropical environments.
Chapter 2, A New Radiocarbon Sequence from the Guli Waabayo Rock Shelter Indicates
Forager Occupation During MIS 2 in the Semi-arid Lowlands of the Horn of Africa, reports on
23 new or recently published dates obtained from mammalian tooth enamel and ostrich eggshell
recovered from the Guli Waabayo rock shelter. The dates indicate a long, ~20,000-year
occupation sequence spanning the terminal Pleistocene and Early Holocene. Using Bayesian
statistical methods to examine the stratigraphic relationships of the dates, we find that the
sequence can be divided into two broad phases of site-use that correspond with distinct climatic
episodes in northern and eastern Africa: the arid Marine Isotope Stage 2 (MIS 2; ~29-11.7 kya)
and the wetter Marine Isotope Stage 1 (MIS 1; after ~11.7 kya). Our findings are the first clear
evidence of human occupation in the Horn of Africa during MIS 2 and provide a conceptual
baseline for the next two chapters comparing forager animal-use patterns and hunting methods
between arid and humid periods in a semi-arid African environment. This article is intended for
submission to the Journal of Archaeological Sciences: Reports. Steven Brandt, Edward Henry,
and Stanley Ambrose are co-authors on this paper. Co-author roles: I developed the faunal
project, collected and analyzed the data, assembled the team, and wrote the paper. My co-authors
played roles in writing the paper and provided expertise in Bayesian modelling (Edward Henry),
sampling ostrich eggshell and dental enamel for radiocarbon dates (Stanley Ambrose), and site
excavation (Steven Brandt).
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Chapter 3, Small Game Hunting in the Semi-arid Lowlands of Eastern Africa ~26-6 kya,
represents the first systematic study of a large (~80,000 specimen) faunal dataset from Somalia.
Using detailed taxonomic data, we examine patterns of small (<20 kg) versus large (>20 kg)
game hunting patterns during the site’s ~20,000-year sequence. Findings from this study suggest
that hunters focused on small game over the long-term. This suggests that the unique inselberg
ecology surrounding the site remained a focal point for people, allowing them to maintain
consistent occupation and subsistence strategies during both dry and wet periods in the terminal
Pleistocene and Early Holocene. This article is intended for submission to Archaeological and
Anthropological Sciences. Steven Brandt is a co-author on this paper. Co-author roles: I
developed the faunal project, collected, and analyzed the data and wrote the paper. Steven Brandt
excavated the site and provided perspectives on the paper.
In Chapter 4, All Dik-dik, All the Time: Small Mammal Hunting Methods at the Guli Waabayo
Rock Shelter, Southern Somalia ~26-6 kya, I focus on the dik-dik remains from Guli Waabayo.
This assemblage represents the largest assemblage of dik-dik bones documented anywhere in the
world and so provides unique insight into the methods used by hunters to target the small
antelope over time. I compare aging data from the dik-dik bones from Guli Waabayo to
ethnographic accounts of the San in southern Africa and Eyle hunters in southern Somalia to
investigate the role that trapping, snaring, and net-hunting practices played in the lives of
prehistoric hunters at the site. Findings suggest that reliance on trapping and net-hunting goes
back ~26,000 years at the site. This article is intended for submission to the Journal of
Anthropological Archaeology.
In Chapter 5, New Radiometric and Faunal Evidence from Namundiri A, Eastern Uganda
Suggests Kansyore Foragers Abandoned the Shores of Lake Victoria ~5.6-4.4 kya, I shift the
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focus to eastern Uganda. This article reports on faunal and radiometric data collected from one of
the sites that Ruth Tibesasa and I excavated in 2018, Namundiri A. Dates from the site provide
the first evidence in the region of Kansyore hunter-gatherer occupation during a gap in the
archaeological sequence ~7-4.4 kya. As the only known link between earlier and later Kansyore
periods, the site provides a window into long-term patterns of changing subsistence and
occupation observed at other Kansyore sites. Faunal data suggests a continued reliance on fish
found in Lake Victoria during the wetter Early Holocene, followed by an abandonment of the
lake and move to fishing along inland rivers after ~5.6-4.4 kya. This coincides with a peak in
aridity and seasonal rainfall in the Lake Victoria Basin, suggesting changing environmental
conditions in the region. The move also occurs at the same time that early herders enter the
region, which may suggest increasing interaction with food producers at this time. This article is
intended for the Journal of African Archaeology. Ruth Tibesasa is a co-author on this paper. Coauthor roles: I developed the dating and faunal project, collected and analyzed the data, and
wrote the paper. Ruth Tibesasa was co-director at the site and provided perspectives on the
paper.
Chapter 6, Discussion, synthesizes the findings from the four proceeding chapters and examines
them from both regional and global perspectives on hunter-gatherer variability. I summarize the
data provided in the articles and compare similarities and differences in semi-arid and wet
adapted forager occupation and subsistence strategies in response to fluctuations in rainfall over
the last ~26,000 years. After discussing the data and their implications for understanding
regional patterns of hunter-gatherer behavior, I move on to consider how the findings from this
study relate to global patterns of hunter-gatherer variability, particularly as they relate to longterm flexibility and resilience in less-seasonal, tropical environments.
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Chapter 2: A New Radiocarbon Sequence
from the Guli Waabayo Rock Shelter
Indicates Forager Occupation During MIS 2
in the Semi-arid Lowlands of the Horn of
Africa
Mica B. Jones, Steven A. Brandt, Edward R. Henry, and Stanley H. Ambrose
Abstract: Marine Isotope Stage (MIS) 2 (29-11.7 kya) was a climatically variable, but overall
arid period in northern and eastern Africa that is associated with genetic and behavioral changes.
Unfortunately, little is known about human occupation during MIS 2 in the Horn of Africa. This
study presents 16 new AMS radiocarbon dates along with 7 recently published dates from the
Guli Waayabo rock shelter in southern Somalia that show repeated use of the site over a
~20,000-year period spanning MIS 2 and MIS 1 (after 11.7 kya). Bayesian statistical methods
applied to 18 of these dates test the site’s stratigraphic integrity and establish a phase-based
model of site-use. Our findings indicate two distinct episodes of rock shelter-use: cal 30,750–
25,765 BP to cal 15,125–10,640 BP (MIS 2) and cal 11,315–8,805 BP to cal 7,420–5,115 BP
(MIS 1). This provides a temporal framework for investigating forager behaviors at the site
through time. In particular, the series of dates from Guli Waabayo are the first clear evidence of
MIS 2 occupation in a semi-arid ecotone in the Horn of Africa, suggesting reconsideration of the
ways archaeologists understand forager adaptations to harsh environments during arid periods in
the terminal Pleistocene.
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2.1 Introduction
Marine Isotope Stage 2 (MIS 2; 29-11.7 kya) in northern and eastern Africa, which includes the
Last Glacial Maximum (~26-15 kya), African Humid Period (~15-5 kya) and Younger Dryas
(~13-11.5 kya), is a critical period for understanding global human responses to rapidly changing
environments. In North Africa, archaeologists observe migrations from desert and semi-desert
regions into lake, river, and high-altitude refugia during MIS 2 (Garcea 2013; Prendergast et al.
2016; Vermeersch and Van Neer 2015). With climatic amelioration in Marine Isotope Stage 1
(MIS 1; after 11.7 kya), people reoccupied these and other regions. Furthermore, Hodgson et al.
(2014) recently argued that population backflow from Eurasia into the Horn continued during
MIS 2 and MIS 1, suggesting broad genetic changes among terminal Pleistocene and Holocene
people. These processes set the stage for major social and economic transformations which
characterize the last 12,000 years in the region such as the development of food production and
the rise of complex societies (Fattovich 2010; Lesur et al. 2014). However, a lack of
paleoenvironmental data and a gap in the archaeological record limits perspectives on human
responses to MIS 2 aridity leading up to the Holocene in the Horn of Africa.
Sites dating to MIS 1 are well documented across the Horn, but human settlement patterns during
the periods immediately preceding it are largely unknown. A gap from ~30-11 kya is noted at
many Late Pleistocene and Holocene sites in the region (Assefa 2006; Brandt et al. 2017;
Foerster et al. 2015; Pleaurdeau et al. 2014; Tribolo et al. 2017) and sites with evidence of MIS 2
occupation only have 1 or 2 dates from this period, mostly in the northern Horn (Leplongeon et
al. 2017; Menard et al. 2014; Tribolo et al. 2017). Two rock shelters in East Africa have been
securely dated to MIS 2: Kisese II in Tanzania and GvJm-22 at the Lukenya Hill inselberg in
Kenya (Tryon et al. 2015, 2018). Recent research in the inter-riverine region of southern Somalia
29

also suggests repeated occupation of rock shelters in the semi-arid Horn of Africa during this
climatically variable episode in northern and eastern Africa’s history.
Situated between the Shebele and Jubba Rivers in southern Somalia, the inter-riverine region is
primarily characterized as a bushland environment (White 1983), which today receives 400-600
mm of rainfall per year (Muchiri 2007, pp. 12). Major shifts in rainfall would have altered the
resources available to foragers in southern Somalia over the last ~30,000 years. Western Indian
Ocean cores and other paleoclimatic records indicate general aridity during MIS 2 with an
increase in rainfall ~15-13 kya and a dramatic drop in precipitation during the Younger Dryas
~13-11.5 kya (Foerster et al. 2015; Reid et al. 2019; Tierney and deMenocal 2013). A more
stable and abundant rainfall pattern is then observed across the Horn with the onset of MIS 1
(Costa et al. 2014; Gasse 2000; Tierney and deMenocal 2013). The ways foraging groups
responded to these climatic fluctuations are poorly known due to an almost complete absence of
chronometrically dated archaeological data in this semi-arid region. However, research on
heritage faunal collections from two sites in southern Somalia provide an opportunity for
examining changing Late Pleistocene and Holocene forager behaviors during MIS 2.
Recent dating at the Rifle Range Site (Jones et al. 2018) and Guli Waabayo rock shelter (Reid et
al. 2019) indicates forager occupation in inter-riverine Somalia that stretches further back in time
than originally considered ~20-9 kya. This project builds upon these findings reporting 16 new
AMS ostrich eggshell carbonate, enamel apatite and dentine collagen radiocarbon dates and
seven recently published dates from a ~2.5 m sequence at the Guli Waabayo rock shelter located
along the eastern face of the Buur Heybe inselberg in southern Somalia (Fig. 2.1). Bayesian
statistical modeling of 18 of these dates allows us to examine the stratigraphic integrity of the
site and create a two-phase chronological model for future diachronic analyses of recovered
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faunal and lithic materials. This research provides much needed data for understanding the
timing and duration of human occupation in semi-arid southern Somalia and opens new avenues
of research into forager variability in the terminal Pleistocene and Holocene Horn of Africa more
broadly.

Figure 2.1 Satellite image of eastern Africa showing the locations and elevations (asl = above sea level) of Guli
Waabayo and MIS 2 sites mentioned in the text.

2.2 Research in Inter-riverine Southern Somalia
In the 1940s, J.D. Clark (1954, pp. 230-250) identified various MSA through LSA occupations
in southern Somalia (for more information see Brandt 1986, 1988; Jones et al. 2018; Reid et al.
2019). Many of these sites were situated in unique ecological settings on and around the bases of
Precambrian granitic inselbergs (“buur”, locally). These geographical features are marked
against the flat, semi-arid bushlands of inter-riverine southern Somalia. At the largest of the
inselbergs, Buur Heybe (~275 m tall and ~4.7 m2 in area; Fig. 2.2), archaeologists have
identified hundreds of rock shelter sites, some of which preserve long archaeological sequences
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associated with prehistoric foraging groups (Brandt 1986, 1988; Clark 1954, pp. 230-250;
Graziosi 1940). This study focuses on materials from one of these sites, Guli Waabayo.

Figure 2.2 The Buur Heybe inselberg (photo by S. Brandt).

2.2.1 The Guli Waabayo Sequence
Between 1985 and 1989, Brandt and his team returned to the area to re-excavate some of the
sites previously studied by Clark. Unfortunately, increasing political unrest in Somalia in the late
1980s halted excavations prematurely. Their work at Guli Waabayo, however, uncovered a long
archaeological sequence that preserved a large and diverse faunal assemblage, which Brandt
exported to the U.S. shortly before the onset of the Somali Civil War. Dates discussed in this
paper derive from this collection, currently curated at Washington University in St. Louis.
Brandt’s excavations at Guli Waabayo consisted of 11 nearly contiguous 1x1 m units in the
center of the rock shelter as well as 9 1x1 m test pits extending east and south from the site
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spaced ~10 meters apart. This study focuses on 5 of the 11 units located within the rock shelter
itself (Fig. 2.3). These units were excavated in arbitrary 5 cm spits unless a major sedimentary
shift was recognized. Nine of the 11 units located within the rock shelter were excavated down to
~1.5 meters below surface (~2.5 m below datum). Units S7W17 and S8W18 were taken down
further to ~2.5 meters below surface. To increase artifact recovery, all excavated sediments were
screened using 5 mm mesh. Profile drawings were made for most of the excavated units at the
site, but the dry matrices made recognizing disturbances, features, and minor changes in
stratigraphy difficult. Two broad lithostratigraphic units (LSUs) were observed across all but one
unit (S9W17) at the site (Fig. 2.4):
1. ~80 cm of yellowish-brown, fine to medium, silty sand with small pebbles. Lithics,
animal bone, and shell found throughout. Ceramics only in upper levels.
2. ~170 cm of grayish/reddish-brown, fine to medium. loose sand with pebbles. Lithics,
animal bone, and shell found throughout. Sediments became increasingly coarse and
compact in the lower ~90 cm with granite chunks near the bottom. Bone and shell
frequencies decreased in lower levels.
To examine the occupational chronology of the Guli Waabayo rock shelter, we focused on
radiometric dates obtained from archaeological ostrich eggshell and mammalian tooth enamel.
Charcoal was also recovered from the site but was not dated due to concerns of sample
contamination. Brandt’s excavations recovered a total of 1,216 ostrich eggshell fragments and
647 mammalian teeth and tooth fragments from Guli Waabayo. Common mammalian taxa
identified at the site included lesser kudu (Tragelaphus imberbis), warthog (Phacochoerus spp.),
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dik-dik (Madoqua spp.), rock hyrax (Procavia capensis), and hare (Lepus spp.) (Jones and
Brandt in prep.).

Figure 2.3 Guli Waabayo site map (modified from Reid et al. 2019). Dated units in black. Unit S9W17 marked with
white “X”.
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Figure 2.4 Stratigraphy of unit S5W19. Boundary between LSUs marked by dotted line. Black areas indicate rocks.

2.3 Materials and Methods
We analyzed 16 new radiocarbon dates along with 7 dates recently reported by Reid et al (2019)
for a total of 23 data points from the Guli Waabayo rock shelter. We applied Bayesian statistical
analyses to 18 of these dates.
To obtain radiocarbon dates, we analyzed the carbonate fraction from ostrich eggshell and apatite
from mammalian tooth enamel sampled throughout the upper ~1.5 m of the Guli Waabayo
sequence from five units (S5W17, S6W18, S7W17, S8W18, S9W17). No suitable specimens for
dating were recovered from the lower ~1 m of deposits at the site. We selected samples based on
size, degree of wear, and stratigraphic position. All selected samples weighed over 0.30 g and
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were unburned. We examined all specimens microscopically to confirm that the outer surfaces
had not been compromised and inner structures were not contaminated. Only ostrich eggshell
specimens with visible external pores were selected for dating.
Once selected, S. Ambrose and M. Jones prepared all samples in the Environmental Isotope
Paleogeochemistry Laboratory at the University of Illinois, Champaign-Urbana. We detail the
methods used for sample preparation below.

2.3.1 Ostrich Eggshell
Ostrich and other flightless bird eggshells have been used to date archaeological sites in Africa
(Garcea et al. 2016; Ranhorn and Tryon 2018; Tryon et al. 2018), Asia (Janz et al. 2009, 2015),
and Australia (Bird et al. 2003; Magee et al. 2009). Several studies confirm that ostrich eggshell
is a more reliable source of radiocarbon dates than bone or mollusk shell since it is less likely to
be affected by processes of diagenesis (Bird et al. 2003; Magee et al. 2009; Vogel et al. 2001).
Some scholars, however, note that in certain situations OES can produce older dates than
expected. Janz et al. (2015) show millennial-scale discrepancies between the ages of ostrich
eggshell versus carbonates from ceramics at Late Pleistocene sites in northwestern Asia. They
argue that older dates are the result of ancient rather than contemporary eggshell use by people in
the past. Vogel et al. (2001) also demonstrate older ages due to an original 2.2% deficit in 14C
from 13C-rich fossil limestone intake during OES production. This, they argue, results in ages
that appear an average of 180 years older.
The wild ostrich (Struthio camelus) can be found throughout much of Africa today and was
known in SW Asia from Syria to Iran until the 1940s (Cooper et al. 2009). The Somali
subspecies (S. c. molybdophanes) is common in Somalia and other parts of eastern Africa today.
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We selected 10 ostrich eggshell (OES) fragments from Guli Waabayo for AMS radiocarbon
dating. Once selected, we removed all pores and abraded the inner and outer surfaces to remove
any remaining dirt and contaminants using a Kupa® Mani-Pro KP-5000 handpiece drill with a
carbide bit. Technicians at the W. M. Keck Carbon Cycle Accelerator Mass Spectrometry
Laboratory at the University of California, Irvine processed all dated OES carbonate samples.

2.3.2 Mammalian Enamel Apatite
We submitted 6 mammalian enamel samples for apatite dating, using well preserved tooth
fragments in order to minimize destruction of identifiable specimens. Since the formation of
apatite in mammalian tooth enamel is consistent across taxa, it was not necessary to know the
associated taxa of all dated samples.
Enamel apatite sample preparation followed methods developed by S. Ambrose and published by
Marshall et al. (2018). We first separated adherent dentine and cementum from the enamel
samples using a Kupa® Mani-Pro KP-5000 handpiece drill. Once clean, we ground the enamel
fragments into ~400 mg samples using an agate mortar and treated the powdered enamel with 25
ml 2.63% NaHClO3 (Clorox bleach) for ~24 hours to remove any remaining organic matter. We
then rinsed the samples 5x with distilled H20 before reacting them with 25 ml 0.1M acetic acid to
remove adsorbed and diagenetic carbonate. Throughout this step, we alternated between vacuum
and atmospheric pressure using CO2-free N2 drawn from the headspace of a liquid N dewar
every ~15-30 minutes until the bubbling reaction stopped. This took ~3-4 hours. Once
completed, we rinsed the samples 5x in distilled H20, freeze dried the purified samples and
reacted them with 100% H3PO4 to liberate CO2 from structural carbonate. The resultant CO2 was
purified by cryogenic distillation. Once preparation was compete, we sent all enamel apatite
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samples to the W. M. Keck Carbon Cycle Accelerator Mass Spectrometry Laboratory at the
University of California, Irvine for AMS radiocarbon dating.

2.3.3 Calibration and Modeling
We used a mixed curve function (Bronk Ramsey and Lee 2013) during calibration of the dates
from Guli Waabayo because the site lies within the Intertropical Convergence Zone (ITCZ)
where large shifts in atmospheric carbon occur seasonally and through time (Wanner et al. 2008).
A similar methodology has been used by archaeologists working at the southern limits of the
ITCZ in Tanzania (Ranhorn and Tryon 2018; Tryon et al. 2018) and portions of South America
(Marsh et al. 2017, 2018). We also adjusted all errors on OES dates to ±120 years following
Vogel et al. (2001).
Using archaeological information from excavations at Guli Waabayo we applied a phase-based
Bayesian model to dates from the site to assess when and for how long people used the rock
shelter (following Bayliss 2009, 2015; Bronk Ramsey 1995, 2009a, 2009b; Buck 1999; Buck and
Meson 2015; Hamilton and Kenny 2015; Hamilton and Krus 2018). This model provides a
chronological framework for future material analyses at Guli Waabayo. Following best practice
for reporting Bayesian chronological models (see Bayliss 2015; Brandt et al. 2017; Hamilton and
Krus 2018) we present the names and ranges of all posterior density estimates (modelled dates)
in italics. For this article, modelled dates are reported at 95% certainty and rounded to the nearest
5 years. When we refer to specific commands used in OxCal, they are presented in Courier
font to refer directly to the Chronological Query Language (CQL2) foundation of the software.
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2.4 Results
Twenty-one of the 23 prepared samples yielded dates ranging from ~26,000 to ~6,000 cal BP
(Table 2.1). Since our findings do not show significant variation between dated materials, we
assume that the OES from Guli Waabayo is contemporaneous with prehistoric human occupation
of the rock shelter. However, samples A4689 and A4680 likely reflect recent intrusions at the
site or outlier measurements (see Model 1 in the Supplemental Information). Problems
interpreting the stratigraphic positions of calibrated dates are also noted in samples from test unit
S9W17. Dates from this unit were inversed and sediment changes were indiscernible in the unit
stratigraphy. Given the potential for disturbance via mixing from unit S9W17, we omitted all
dates from this unit in our Bayesian chronological models.
Table 2.1 AMS radiocarbon dates from Guli Waabayo. All samples processed at the University of
California, Irvine lab. All calibrated dates reported here are rounded to the nearest 10 years due to the
decadal nature of the calibration curves used. OES = ostrich eggshell carbonate; E = enamel apatite; D =
dentine carbonate.
Lab #
A4689
A4680
A4686
A4691
A4684
A3819
A3355
A4690
A4695
A4692
A4681
A4687
A3703
A3704
A4682
A4693
A4688
A4694
A3820
A3821
A4685
A3702
A4683

Sample #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Unit
S5W19
S5W19
S6W18
S5W19
S8W18
S8W18
S8W18
S5W19
S5W19
S5W19
S5W19
S6W18
S6W18
S7W17
S7W17
S5W19
S5W19
S5W19
S9W17
S9W17
S9W17
S9W17
S9W17

LSU
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
n/a
n/a
n/a
n/a
n/a

Material
OES
E
E
OES
E
E
D
OES
OES
OES
E
E
OES
OES
E
OES
E
OES
E
E
E
OES
E

14C

yr BP
365 ± 15
445 ± 15
6435 ± 20
6735 ± 15
7665 ± 20
7840 ± 20
8120 ± 35
12565 ± 30
5450 ± 20
12545 ± 25
14435 ± 30
14490 ± 30
15170 ± 50
16040 ± 50
16210 ± 40
19455 ± 55
20630 ± 60
21740 ± 70
9780 ± 25
10715 ± 30
11910 ± 25
14775 ± 45
15330 ± 35
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Adj. ±
120
n/a
n/a
120
n/a
n/a
n/a
120
120
120
n/a
n/a
120
120
n/a
120
n/a
120
n/a
n/a
n/a
120
n/a

Cal. BP (95.4%)
560— -10
520—460
7620—7270
7620—7510
8520—8380
8640—8540
9130—8780
15100—14550
6440—5930
15070—14470
17700—17400
17800—17470
18580—18240
19530—19140
19700—19370
23610—23130
25100—24500
26100—25820
11240—11140
12720—12560
13770—13580
18100—17780
18700—18450

Ref.
this study
this study
Reid et al. (2019)
This study
Reid et al. (2019)
Reid et al. (2019)
Reid et al. (2019)
This study
this study
This study
This study
This study
This study
This study
This study
This study
This study
This study
Reid et al. (2019)
Reid et al. (2019)
Reid et al. (2019)
This study
This study

2.4.1 Bayesian Models
Using stratigraphic information from the excavations at Guli Waabayo we were able to situate
the dates from the site within the LSU depositional layers described above (Fig. 2.5). This
allowed us to create a two-phase chronological model of Guli Waabayo that reflects when each
LSU was occupied. We assumed that the two phases were sequential, meaning LSU 1 follows
LSU 2, but we didn’t know how much time was represented in each layer or if they were
occupied and formed continuously without a break or period of abandonment between them. The
organization of our model is supported archaeologically by the gradual stratigraphic transition
between LSU 1 and LSU 2.
Our first model (Model 1) was based on the observation that LSU 1 and LSU 2 seem to represent
sequential phases of site use. To account for the two most recent dates (A4689 and A4680), we
applied a general Outlier_Model to Model 1. We also prevented two dates, A4695 and
A4690, from influencing the model using the Outlier function because their reported ages and
stratigraphic positioning differed greatly from the rest of the dates at the site. Moreover, the
model will not run with these two dates active, which is also indicative of their insecure contexts.
Model 1 shows good agreement (Amodel: 90.9) and supports our assumptions that LSU 1 and LSU
2 represent two separate chronological layers.
The outlier model we used in Model 1 supports our assumptions that samples A4695 and A4690
are outliers with reported 0 and 0.1% probabilities that these dates are positioned correctly
within the model (Table 2.2). We propose that these samples were potentially switched at some
point during sample selection or preparation and processing. Model 1 also provides posterior
probabilities that two additional dates, A4698 and A4680, may be outliers. Given the low
convergence values (0.1 and 0%; Table 2.2) for those two dates, the low convergence values on
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Boundary Start LSU 1 and Boundary End LSU 1, and the large tails on the posterior density
estimates of these dates and Boundary End LSU 1, as well as considerably increased posterior
probabilities from the outlier analysis, we decided to mark dates A4698 and A4680 as outliers in
Model 2.
Model 2 was again structured around two sequential phases comprised of dates from LSUs 1 and
2. The general Outlier_Model was applied with samples A4698, A4680, A4695, and A4690
designated as true outliers. We also added a Difference command to estimate the amount of
time that may have elapsed between LSUs. Model 2 shows good agreement between the dates
and the structure of the model (Amodel: 96). Convergence values for dates and boundaries in
Model 2 are all above 95% and the Outlier_Model suggests good fit as well (Fig. 2.6).
Model 2 indicates human activity at Guli Waabayo as early as cal 30,750–25,765 BP (95%
probability; Boundary Start LSU 2) until as late as cal 7,420–5,115 BP (95% probability;
Boundary End LSU 1). The Difference command in Model 2 estimates cal 745-5,860 years
(95% probability) may have passed between the occupation and/or formation of LSUs 1 and 2.
The structure and agreement indices of Model 2 led us to believe that this is currently the most
parsimonious chronological explanation of human occupation at the Guli Waabayo rock shelter.
Although our model suggests a gap between stratigraphic units, we cannot confidently claim that
the boundary between LSUs represents abandonment of the site. The dates from test unit S9W17
fill in portions of the temporal gap between LSU 1 and LSU 2 indicated by Model 2, which
suggests that there could be additional areas in the shelter that preserve evidence for human
occupation beyond our chronological understanding so far. Furthermore, more evidence of Late
Holocene use of the shelter would help contextualize the most recent dates in the sequence
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(A4698 and A4680; treated as outliers in Model 2). Currently, however, archaeological evidence
to support the presence of separate occupation horizons within LSU 1 is lacking.

Figure 2.5 Stratigraphic summaries of units S5W19, S6W18, S7W17, and S8W18 with locations of dated samples.
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Table 2.2 Results of Model 2.

Name
from
Difference GW transition
Boundary End LSU 1
R_Date A4689
R_Date A4680
R_Date A4686
R_Date A4691
R_Date A4684
R_Date A3819
R_Date A3355
R_Date A4690
Phase LSU 1
Boundary Start LSU 1
Boundary End LSU 2
R_Date A4695
R_Date A4692
R_Date A4681
R_Date A4687
R_Date A3703
R_Date A3704
R_Date A4682
R_Date A4693
R_Date A4688
R_Date A4694
Phase LSU 2
Boundary Start LSU 2
Sequence
U(0,4)
T(5)
Outlier_Model General
Curve =Mixed
Mix_Curves Mixed
Curve SHCal13
Curve IntCal13

Unmodelled (BP)
to
%

625 ...
515
465
7420
7275
7835
7415
8515
8385
8635
8545
9135
8805
15200
14230

6445
15170
17685
17785
18680
19610
19680
23720
25085
26165

3.99E-17
-2.65

9.30E-16

5935
14205
17445
17495
18095
19000
19410
23050
24530
25770

4
2.65

100

median

Modelled (BP)
Indices: Amodel 96 - Aoverall 92.5
to
%
median Acomb
A
L
P
5860
95.4
4025
5115
95.4
6995
-5
95.3
380
0.1
470
95.4
500
0.2
7275
95.4
7360
101
96.4
7340
95.4
7585
100.8
96
8380
95.4
8425
97
96.3
8540
95.4
8595
98.4
96.5
8780
95.3
9025
96.5
95.9
14230
95.4
14785

380
500
7360
7585
8425
8595
9030
14780

from
745
7420
625
520
7420
7840
8515
8640
9135
15210

6210
14740
17565
17625
18405
19325
19545
23405
24815
25965

11315
15125
6445
15225
17720
17825
18690
19625
19715
23750
25150
26185

8805
10640
5930
14220
17415
17480
18085
18990
19375
23030
24495
25740

95.4
95.4
95.4
95.4
95.4
95.4
95.4
95.4
95.4
95.4
95.4
95.4

9425
13750
6210
14805
17565
17630
18410
19330
19545
23405
24810
25955

30750

25765

95.4

26815

95.4
2 5.38E-17
95.4 2.05E-12
-820

3.8

95.4

100

935

95.3

1.78
-0.01
0

65.9
60.1
99.2

95.4

100

95.3

46.2

100

99.8

95.5
95.4
95.4
95.4
95.4
95.4
95.4
95.4

95.4
95.4
95.4
95.4
95.4
95.4
95.4
95.4
95.4
95.4

50 1.37E-15
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100.9
94.2
93.6
99.8
100
93.9
98.7
96.3
98.3

95.1
96.1
95.6
95.8
95.9
95.4
95.6
93.9
95.4

C
99.3
98.2
99.9
99.9
99.9
99.8
99.8
99.9
99.9
99.7
99.8
99.6
99.8
99.5
99.8
99.7
99.6
99.7
99.4
99.5
98.6
99.4
96.5

Figure 2.6 Results and structure of Model 2.
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2.5 Discussion
The new AMS radiocarbon dates from the Guli Waabayo rock shelter indicate human activity
between ~26-6 kya with a ~5,500-year break before its reoccupation ~550 years ago. Four large
(>1,000-year) gaps are also observed during the site’s main ~20,000-year sequence: 23,130–
19,700 cal BP, 17,400–15,100 cal BP, 12,560–11,240 cal BP, and 11,140–9,130 cal BP. It is
possible that these undated periods reflect sampling rather than complete abandonment of the
shelter. However, our findings clearly show at least intermittent human activity during the
terminal Pleistocene and Holocene in southern Somalia.
Although the dates are mostly in stratigraphic order, those taken from unit S9W17 were inverted.
Coupled with evidence for depositional mixing, dates from this unit suggest significant
disturbances. Excavated square S9W17 is closer to the mouth of the rock shelter than the other
units at the site, which may explain why the stratigraphy is less intact since greater water flow
near the driplines of caves and rock shelters can cause sediments to shift during site formation
(Goldberg and Bar-Yosef 2002; Heydari 2007; Straus 1990). As a result, we report the 5 dates
from S9W17this unit separately and exclude them from Bayesian analyses of occupational
phases at the site. Dates from S9W17, however, are still considered when discussing the site as a
whole.
Stratigraphic and radiometric information from the rest of Guli Waabayo shows less indication
of mixing. The 18 dates recovered from the other 4 dated units (S5W19, S6W18, S7W17, and
S8W18) conform broadly to established depositional changes. We employ Bayesian modeling
techniques to estimate the periods of occupation contained in each LSU. At 95% confidence, our
model indicates two chronostratigraphic phases of site-use. The earliest evidence of human
occupation at the site dates from cal 30,750–25,765 BP to cal 15,125–10,640 BP (LSU 2). This
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broad period of site-use is followed by evidence of occupation from cal 11,315–8,805 BP to cal
7,420–5,115 BP (LSU 1). These phases span both MIS 2 and MIS 1, a period of significant
climatic variability in the Horn of Africa.

2.5.1 Terminal Pleistocene Human Occupation in the Horn of Africa
Our findings are the first to demonstrate repeated human occupation in the semi-arid Horn of
Africa during MIS 2, and in a lower elevation (285 m asl) semi-arid bushland. Archaeologists
document cave and rock shelter use during Marine Isotope Stage 3 (71-57 kya) and MIS 1 but
note a gap in the chronology of many deeply stratified Late Pleistocene sites in eastern Africa
during the intermediary MIS 2 (Assefa 2006; Brandt et al 2017; Tribolo et al. 2017). A few dates
exist from sites of this period in the Horn (Gilganic et al. 2012; Leplongeon et al. 2017; Menard
et al. 2018) but sequences confidently dated between 29-11.7 kya are extremely rare. Apart from
Guli Waabayo, the only comparable examples of well-dated sequences attributed to MIS 2,
Kisese II and JvGm-22 (Tryon et al. 2015, 2018) are located >1,350 m asl in the grasslands of
Kenya and northern Tanzania.
Major shifts in rainfall would have altered the resources available to foragers in southern
Somalia over the last ~30,000 years. Western Indian Ocean cores and other paleoclimatic records
indicate general aridity during MIS 2 with an increase in rainfall ~15-13 kya and a dramatic drop
in precipitation during the Younger Dryas ~13-11.5 kya (Foerster et al. 2015; Reid et al. 2019;
Tierney and deMenocal 2013). A more stable and abundant rainfall pattern is then observed
across the Horn with the onset of MIS 1. The ways foraging groups responded to these climatic
fluctuations are poorly known due to an almost complete absence of chronometrically dated
archaeological data in this semi-arid region.
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Paleoclimate records from the Horn of Africa indicate that MIS 2 rainfall was highly variable,
higher ~15-13 kya with a dramatic drop during the Younger Dryas ~13-11.5 kya but overall drier
than it is today (Foerster et al. 2015; Reid et al. 2019; Tierney and deMenocal 2013). Reductions
in the frequency and abundance of rainfall would have significantly altered the resources
available to people living in climatically sensitive, semi-arid environments such as southern
Somalia. In most cases, scholars predict that people moved into areas with stable, predictable
resources such as lake basins, rivers valleys, and forests during periods of aridity (Basell 2008;
Joordens et al. 2011). Our data clearly demonstrate, however, that foragers continued to use the
Guli Waabayo rock shelter during MIS 2 arid periods, particularly between ~29-14 kya and ~1311.5 kya. One explanation for this is that people were able to rely on the ecological abundance of
the Buur Heybe inselberg when rainfall was low.
Although the dates from Guli Waabayo provide clear evidence that occupation spanned climatic
boundaries between ~26-6 kya, chronological and stratigraphic resolution at the site is not finegrained enough to examine responses to specific rainfall regimes. Bayesian modeling of the dates
indicates, however, that Pleistocene and Holocene deposits at the site are distinct and that broad
analyses of changing forager behaviors through time are possible at the site. Current research is
focused on obtaining diachronic behavioral data from faunal and lithic assemblages from the two
chronostratigraphic phases identified at Guli Waabayo.

2.6 Conclusion
New calibrated AMS radiocarbon dates from the Guli Waabayo rock shelter provide unique
insights into the timing and duration of human occupation in semi-arid southern Somalia. Our
findings show repeated use of the rock shelter for ~20,000 years spanning the terminal
Pleistocene and Holocene. By modeling dates from stratigraphically separate deposits at the Guli
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Waabayo rock shelter, this study reveals two successive episodes of shelter-use during MIS 2
and MIS 1 in the Horn of Africa. This new chronological framework provides context for
investigating changing lifeways among arid and semi-arid adapted foragers during a period of
climatic variability in eastern Africa. A series of dates from MIS 2 also provide the first secure
evidence of forager occupation in a semi-arid eastern African environment. This suggests that
archaeologists may need to reconsider how we understand the ways that people responded to
challenging environments during the arid periods leading up to the Holocene.
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Chapter 3: Small Game Hunting in the Semiarid Lowlands of Eastern Africa
~26-6 kya
Mica B. Jones and Steven A. Brandt
Abstract: Increased reliance on small game by foragers is often considered a response to
temporal or localized reductions in large mammal stocks from increased hunting pressure or
environmental degradation by larger and less mobile human populations. Archaeologists also
link climatic changes and resource strain to a greater dependence on lower ranked small prey by
prehistoric hunter-gatherers in many parts of the world. However, recent ethnographic research
in Africa and South America suggests that a forager preference for hunting small game can also
occur for social reasons. This study uses a large faunal dataset (81,733 animal bones) from the
Guli Waabayo rock shelter in southern Somalia to examine the changing roles that small versus
large game hunting played in forager subsistence throughout the site’s terminal Pleistocene and
Holocene occupations. Forager use of the rock shelter spans two distinct climatic episodes in the
Horn of Africa: arid Marine Isotope Stage 2 (MIS 2; ~29-11.7 kya) and wetter Marine Isotope
Stage 1 (MIS 1; after ~11.7 kya). The associated faunal assemblage is highly diverse and
dominated by small mammals, birds, reptiles, and amphibians <20 kg. In lower levels, LSU 2
(MIS 2), small taxa make up 85.1% of the identifiable specimens, compared to 84.6% in upper
levels LSU 1 (MIS 1), indicating that hunters emphasized small prey during both dry and wet
periods of the site’s ~20,000-year occupation. This unprecedented dependence on small game
even after Holocene climatic amelioration suggests that, although availability of small inselberg-
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based prey species likely influenced early hunting patterns, social factors such as human
territoriality played an increasingly significant role in hunters’ prey-choice through time.

3.1 Introduction
Forager hunting strategies in many parts of the world trended toward more broad-spectrum
resource use and an increasing reliance on small game over the last 30,000 years. Archaeologists
have attributed this to declining large mammal populations, climate change, and societal
transformations including lower mobility and larger group sizes. In regions surrounding the
Mediterranean, resource diversification and a focus on small, fast-moving game has been tied to
human demographic expansions, large game overhunting, and climatic amelioration (Munro
2003, 2009; Stiner and Munro 2002; Stiner et al. 2000; Stutz et al. 2009). Scholars also link
increasing frequencies of lower-ranked resources at sites in North America and South Africa to
human population growth, increased predation pressure on large mammals, and more open
environmental conditions (Badenhorst and Driver 2009; Jerardino 2010; Schmitt et al. 2002;
Steele and Klein 2009; Wolverton et al 2008).
Ethnographic research provides key insights into ecological and social factors that influenced
hunting patterns among historic hunter-gatherer groups, including the influence of status and
social relationships on the acquisition of large and small mammals. Research in tropical forest
environments suggests that resource diversification and small game hunting are not always the
result of resource strain. Hunters in the Amazon and Congo Basin are known to focus on a wide
range of small game and researchers have tied this to resource optimization, group cohesion, and
forager sociality (Hill and Hawkes 1983; Lupo and Schmitt 2002, 2005). In non-forested African
environments, far more attention has been paid to large rather than small game hunting.
However, scholars have argued that San and Hadza hunters can increase efficiency and reduce
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risk by incorporating a greater percentage of smaller, more locally available game into their diets
(Hawkes et al. 1991; Yellen 1991a). In parts of the Kalahari, an increased focus on small
mammals among some San groups has also been linked to changing environmental and social
circumstances (Kent 1993; Lee and Yellen 1976).
These archaeological and ethnographic studies suggest that the role of small animals in foragers’
lives is fluid, particularly in less productive habitats, but neither variability in forager reliance on
small game nor the factors that affect it are well understood world-wide. Equatorial eastern
Africa is ecologically diverse and differs in interesting ways from better studied archaeological
sequences in Europe or the Mediterranean. Larger fluctuations in precipitation, than temperature,
and less pronounced megafaunal declines are characteristic of the last glacial and current
interglacial periods in this tropical region. Highly mobile foragers also maintained a consistent
presence in Africa, while many hunter-gatherers in western Eurasia decreased their mobility
during the early Holocene. Considering these important differences, there have been few studies
that attempt to synthesize evidence regarding forager reliance on small animals through time and
the ways hunting patterns relate to social, economic, and environmental factors in eastern Africa.
Fluctuations between wet and dry periods in eastern Africa over the last ~30,000 years were
marked (Costa et al., 2014; Rachmayani et al., 2015; Tierney and deMenocal 2013) and would
have significantly affected the availability of large and small animal resources to hunters. Small
taxa have been identified at relatively high elevation (~1500 m above sea level; asl) Late
Pleistocene and Holocene rock shelter sites in grassland and forest ecotones (Marean 1992a,
1992b), but available data from these sites suggest small game was not a major component of
forager subsistence strategies in the past, comprising <35% of all hunted fauna. Small animals
are also reported at Porc Epic Cave in the semi-arid Afar Rift escarpment of eastern Ethiopia
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(~1100 m asl) at a somewhat higher frequency (40.6%) (Assefa 2006). Large, diverse faunal
assemblages recovered from inselberg settings in the low-lying (~300 m asl.) semi-arid southern
Horn of eastern Africa, show a different pattern, which offers new perspectives on the role small
animals played in the lives of terminal Pleistocene and Holocene foragers in a semi-arid eastern
African ecotone.
Faunal assemblages recovered from unique inselberg ecologies in southern Somalia provide an
opportunity to examine forager lifeways during a period of marked climatic variability in an
understudied part of eastern Africa ~26-6 kya. Fauna from the Rifle Range Site in southern
Somalia suggests that hunters focused on small mammals during the Early and mid-Holocene
(Jones et al. 2018), but limited sample sizes from the lower levels at the site make it difficult to
understand hunting strategies in preceding arid periods. To investigate the role that small game
played in the lives of foragers in the semi-arid southern Horn in more detail, this study examines
a large faunal assemblage from the Guli Waabayo rock shelter in southern Somalia (Fig. 3.1).

Figure 3.1 The Horn of Africa and the Buur Heybe inselberg, showing locations of the Gogoshiis Qabe and Guli
Waabayo rock shelters (images © Google Earth).
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3.2 Archaeological Research in Southern Somalia
The first professional archaeological investigations in southern Somalia were conducted by
Italian archaeologist P. Graziosi (1940) who excavated a large rock shelter at the southeastern
foot of Buur Heybe in 1935. During excavations, Graziosi and his team uncovered a seemingly
continuous occupation sequence at the “Buur Heybe” (now Gogoshiis Qabe) rock shelter.
Between April and November of 1944, while deployed with the British military in Somalia, J.D.
Clark excavated several open-air and rock shelter sites in the Buur Region. One of these sites, the
Guli Waabayo rock shelter, located ~200 m north of Gogoshiis Qabe on Buur Heybe, preserves
an archaeological sequence nearly identical to that identified by Graziosi earlier (Clark 1954).
Graziosi and Clark’s excavations at Gogoshiis Qabe and Guli Waabayo generated a series of
distinctive lithic chronologies and a culture-historic framework that archaeologists have since
relied on to describe archaeological sequences at many sites across the Horn of Africa (Brandt,
1986, 1988; Clark, 1954; Graziosi, 1940). The lithic materials from Guli Waabayo are currently
being re-examined by S. Brandt to refine Graziosi and Clark’s previous sequences. Since this
work is ongoing, published descriptions from the sites (Clark, 1954, pp. 230-250; Brandt, 1988;
Graziosi 1940) provide the basic culture-history reference for this study (Table 3.1). Preliminary
lithic evidence suggests technological shifts through time with a trend toward a more diverse
toolkit. However, it is unclear when observed changes occurred during the site’s ~20,000-year
occupation.
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Table 3.1 Summary of the lithic sequence at Guli Waabayo.
Industry

Characteristic tools

Unnamed LSA

Curved back microliths, lanceolates,
bifaced points, and thumbnail scrapers
found with ceramic sherds resembling
pottery used by modern Eyle people.

Eibian

Chert (some heat altered) and quartz
microliths, end scrapers, burins, blade
cores, and distinctive pressure-flaked
bifacial and unifacial points, triangular
and lenticular-shaped limaces and
trihedral rods.

Transitional
Magosian/Eibian

Lanceolate points and hollow-based
arrowheads among the more traditional
Magosian forms mentioned below.

Magosian

Bifacial and unifacial points, microliths
and other quartz and chert tools
manufactured by both Levallois and blade
core techniques.

Archaeologists have been unable to conduct research in much of the southern Horn since the
onset of the Somali civil war in the early 1990s, thus opportunities to study the archaeology of
this region are rare. However, S. Brandt and his team conducted field excavations in southern
Somalia in the 1980s, and with permission from the Somali Academy of Sciences exported
several collections to the U.S. as violence overwhelmed the region. Currently curated at
Washington University in St. Louis, the fauna discussed in this paper was excavated between
1985 and 1989. For more information on those excavations see Reid et al. (2019) and Jones et al.
(in prep.).

3.3 The Buur Region of Southern Somalia
The Buur Region of southern Somalia covers ~68,000 km2 of low-lying plains between the
Jubba and Shebele rivers. Characterized as semi-arid bush/scrubland (White 1983), inter-riverine
Somalia represents a geographic and environmental intermediary between the grasslands of East
Africa and the semi-deserts and deserts of the northeastern Horn. The primarily flat, homogenous
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landscape is punctuated by roughly 140 Precambrian granitic inselbergs (“buur”, locally), which
provide the only significant topographic or ecological diversity in the region. They also give the
Buur Region its name. Buur Heybe, which rises ~275 m above the surrounding plains and covers
an area of ~4.7 km2, is one of the tallest and most expansive inselbergs in the region.
Inselberg topography and geology is generally linked to increased ecological productivity in
many regions worldwide (Jürgens and Burke, 2000; Porembski and Barthlott, 2000; Burke,
2003; Müller, 2007). Perennial springs and fertile soils provide an ideal habitat for many plant
species not common in other semi-arid African environments (Friis and Vollesen, 1989).
Abundant vegetation and year-round water availability also support dense communities of
animals, including a diversity of small mammal taxa e.g. dik-dik, hyrax, and mongoose (Brandt,
1986, 1988; Kingdon, 1971, 1977, 1982, 2004). Reptiles including tortoises, fresh-water turtles,
plated lizards, monitor lizards, and snakes are also known to occupy inter-riverine Somalia,
particularly the more densely vegetated habitats and areas where fresh water is available
(Madgwick et al. 1986). Larger animals including lesser kudu and warthog are more common in
the surrounding plains. Many modern human settlements in the region are also clustered around
the inselbergs (as seen near the bottom right of Figure 3.1) (Food Security and Nutrition Analysis
– Somalia, http://www.fsnau.org/ipc/population-table). Archaeological research at Buur Heybe
and the nearby Buur Hakaba inselberg suggests people also lived on and around the inselbergs
throughout the Late Pleistocene and Holocene (Brandt 1988; Jones et al. 2018).

3.3.1 Climate and Site Chronology
Today, southern Somalia receives ~560 mm of rainfall per year split between two distinct rainy
seasons – the long rains from mid-March to June and the short rains from mid-September to
November (Muchiri, 2007, pp. 12-13). Climatic changes documented over the last ~30,000 years
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in northern and eastern Africa, however, were characterized by fluctuations in the amount and
distribution of annual rainfall due to orbital forcing (Nicholson 2018; Rachmayani et al., 2015;
Reid et al. 2019; Tierney and deMenocal 2013). Using oxygen and carbon isotopic evidence
preserved in ungulate teeth from Guli Waabayo and Gogoshiis Qabe, Reid et al. (2019) argue
that total annual precipitation during the wet Early Holocene was similar to today, but more
evenly distributed throughout the year in southern Somalia. Local paleoclimatic data for the
terminal Pleistocene are not available for southern Somalia, but regional evidence suggests that
between ~30-14 kya the Horn was much drier than it is currently, with greater variability in
precipitation from ~14-11 kya (Tierney and DeMenocal 2013). Such changes in rainfall
abundance and distribution would have altered the resources available to hunter-gatherers living
in southern Somalia over the last ~30,000 years.
Recently, Jones et al. (in prep.) used Bayesian modeling of 18 AMS radiocarbon dates from the
Guli Waabayo sequence to test the timing and duration of occupation preserved in two
lithostratigraphic units (LSUs) observed at the site. Their findings indicate two sequential phases
of site-use that correspond with distinct climatic episodes in eastern Africa: the arid MIS 2 (3011.7 kya; LSU 2) and the wetter MIS 1 (after 11.7; LSU 1). Using this chronostratigraphic
framework, we examine the fauna from both LSUs to investigate similarities and differences in
forager animal-use through time.

3.4 Faunal Methods
We analyzed the faunal assemblage from Guli Waabayo using zooarchaeological methods
comparable to other studies from the region (Brain, 1981; Gifford 1980; Marshall and Stewart,
1994; Prendergast, 2008). Identifiable specimens, which preserve characteristic landmarks that
allow for identification to body part and classification to class or lower, were the focus of this
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study (Gifford and Crader, 1977). Mammals dominated the highly diverse identifiable
assemblage at Guli Waabayo. We sorted all mammal bones into five size classes following Jones
et al. (2018) (Table 3.2) and identified all mammalian specimens with distinctive landmarks
according to criteria established for African taxa (Gentry, 1978; Walker, 1985; Peters, 1988,
1989). Due to a high prevalence of bovids, we then divided all mammal bones into bovid and
non-bovid specimens and analyzed them separately. The class Reptilia was well-represented and
amphibians, birds, and fish were also present. We made identifications of both mammalian and
non-mammalian specimens using comparative materials from Washington University in St.
Louis and the Field Museum in Chicago. The assemblage was quantified using Number of
Identifiable Specimens (NISP) and Minimum Number of Individuals (MNI) following Klein and
Cruz-Uribe (1984, pp. 24-32) and Reitz and Wing (1999, pp. 191-200).
Following initial sorting, identification and quantification, we calculated taxonomic frequencies
per lithostratigraphic unit to examine broad patterns in the composition of hunted taxa through
time at Guli Waabayo. Frequencies were calculated using the following formula (following Reitz
and Wing, 1999, pp. 200-202): Xn / Yn = Zxn. In this formula: Xn = NISP or MNI of faunal
materials attributed to subgroup X by LSU n; Yn = NISP or MNI of ID specimens by LSU n;
Zxn = relative frequency of subgroup X in LSU n. We examined frequencies of identifiable
specimens for large (>20 kg) and small game (<20 kg). Mammal 1A (<10 kg), mammal 1B (1020 kg), reptile, amphibian, bird, and fish frequencies were also measured and compared by unit.
We then compared frequency results from Guli Waabayo to data collected among the ≠ Kade
San of the central Kalahari by J. Tanaka (1980, pp. 68) between 1966 and 1974. We chose
results from Tanaka’s research to compare because annual rainfall (~170-700 mm/year, Tanaka
1980, pp. 21) and soil nutrient content (Bell 1982) in the central Kalahari are comparable to the
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Buur Region of Somalia today. By comparing archaeological data from Guli Waabayo with
information from historic foragers living in a similar semi-arid African environment, we hope to
situate our findings within known hunter-gatherer behavior in a relevant (sensu Wylie 2002)
semi-arid African context while recognizing significant cultural differences and the possibility of
varied choices.
Since differential bone preservation can significantly affect observed faunal patterns at
archaeological sites, we measured bone attrition per LSU at the site following Behrensmeyer
(1978). We also assessed body part representation among the bovid bones from Guli Waabayo
according to methods outlined by Thompson and Henshilwood (2011).
Table 3.2 Mammalian size classes at Guli Waabayo.
Size class

Wt. (kg)

1A

<10

1B

10-20

2

20-60

3

60-100

4

100-500

5

>500

Common taxa in the semi-arid Horn
Dik-dik (Madoqua)
Abyssinian hare (L. habessinicus)
Black-backed jackal (C. mesomelas)
Bat-eared fox (O. megalotis)
Mongooses (Herpestidae)
Rock hyrax (P. capensis)
Bush duiker (S. grimmia)
Oribi (O. ourebi)
Aardwolf (P. cristatus)
Crested porcupine (H. cristata)
Gerenuk (L. walleri)
Soemmering’s gazelle (G. soemmeringi)
Grant’s gazelle (G. granti)
Leopard (P. pardus)
Cheetah (A. jubatus)
Lesser kudu (T. imberbis)
East African oryx (O. beisa)
Desert warthog (P. aethiopicus)
Spotted hyaena (C. crocuta)
Aardvark (O. afer)
Hartebeest (A. buselaphus)
Lion (P. leo)
Grevy’s zebra (E. grevyi)
African elephant (L. africana)
Black rhinoceros (D. bicornis)
Giraffe (G. camelopardalis)
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3.5 Results
A total of 81,733 animal bones were studied. Of these, nearly nine percent (8.7%, 7,087/81,733)
were identifiable to class or lower. Mammals make up over half of the identifiable assemblage
(57.2%, 4,052/7,087), of which 23.6% (956/4,052) are large mammals (>20 kg) and 76.4%
(3,096/4,052) are small mammals (<20 kg). Mammal specimens identified beyond class
(Mammalia) comprise 70.6% (2,861/4,052) of the mammalian assemblage from the site.

3.5.1 Taxonomic Frequencies
Identified small mammal taxa include (Table 3.3): bats (Chiroptera), small primates (Primates <5
kg), aardwolf (Proteles cristatus), African wild cat (Felis sylvestris), jackals (Canis spp.), bateared fox (Otocyon megalotis), mongooses (Herpestidae), common genet (Genetta genetta),
striped polecat (Ictonyx striatus), rock hyrax (Procavia capensis), dik-dik (Madoqua spp.), oribi
(Ourebia ourebi), common duiker (Sylvicapra grimmia), ground pangolin (Manis temminckii),
African porcupine (Hystrix cristata), naked mole rat (Heterocephalus glaber), gerbils
(Gerbillinae), Old World rats and mice (Murinae), ground squirrels (Xerus spp.), and hares
(Lepus spp.).
Identified large mammal taxa include (Table 3.4): medium primates (Primates 20-60 kg), hyenas
(Hyaenidae), lion (Panthera leo), Grevy’s zebra (Equus grevyi), rhinoceros (Rhinocerotidae),
warthogs (Phacochoerus spp.), bushpigs (Potamochoerus spp.), northern giraffe (Giraffa
cameloparda), hartebeest (Acelaphus buselaphus), topi (Damaliscus lunatus jimela), scimitarhorned oryx (Oryx dammah), East African oryx (Oryx beisa), lesser kudu (Tragelaphus
imberbis), Grant’s gazelle (Gazella granti), gerenuk (Litocranius walleri), Clark’s gazelle
(Ammodorcas clarkei), and aardvark (Orycteropus afer) (Fig. 3.2).
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Reptiles are the second largest taxonomic subgroup in the Guli Waabayo assemblage,
comprising 31.6% (2,238/7,087) of all identifiable specimens (Table 3.5). Identified reptilian
taxa include African side-necked turtles (Pelomedusidae), tortoises (Testudinidae), girdled,
spiny-tail, girdle-tail and plated lizards (Cordyloidea, unofficial designation), monitor lizards
(Varanus spp.) and boas (Boidae). Turtles and tortoises are the most prevalent reptilian taxa
identified (46.0%, 1,030/2,238). However, of all turtle and tortoise (Testudines) specimens
recovered, 76.9% (792/1,030) are carapace or plastron fragments. The highly fragmentary nature
of turtle and tortoise shell can inflate NISP measures in faunal studies (Steele et al. 2009),
therefore all carapace and plastron fragments have been excluded from comparisons of
taxonomic frequencies between units at the site.
We identified 142 specimens (2.0%, 141/7,087) to the order Anura (frogs and toads), including
one species: African bullfrog (Pyxicephalus adspersus). Five hundred and seven specimens
(7.2%, 507/7,087) were identified as reptile or amphibian, but could not be classified further. We
also identified a small number of bird remains at Guli Waabayo (2.0%, 140/7,087). Identified
bird taxa include quails, partridges, francolins, and spurfowl (Phasianidae) and eagles, hawks,
and kites (Accipitridae). The assemblage contains only nine fish bones including: catfishes
(Siluriformes) and sharks (Selachimorpha, unofficial designation). A single shark tooth indicates
some degree of contact between Guli Waabayo and the Indian Ocean (~142 km SE), but more
data is needed to understand the role marine taxa played in the lives of people at the site.
Mollusk shell was also recovered from the rock shelter. We were able to identify one taxon:
apple snails (Ampullariidae). Microfaunal and macrobotanical remains were not fully recovered
from Guli Waabayo since flotation was not possible during excavations. These materials, if
preserved, may have provided further detail on forager subsistence strategies at the site.
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In addition to wild fauna, we found two domestic dromedary camel bones in the uppermost
levels at Guli Waabayo. Both specimens were poorly preserved (weathering stage 4, following
Behrensmeyer 1978) and were much lighter in weight than other subfossils found throughout the
rest of the site. Radiocarbon dating of the domestic fauna was not possible due to poor
preservation, but we think these bones were deposited by recent inhabitants. They have been
excluded from further analyses. Due to evidence of significant mixing in this unit, possibly from
recent digging (e.g. livestock burial), we excluded all identifiable specimens recovered from unit
S9W17 (NISP 889) from further analyses. A total 5,530 identifiable bones from the remaining 10
units were analyzed to investigate diachronic patterns of animal use at the site.
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Table 3.3 Small mammals (<20 kg) from Guli Waabayo; presented as NISP (MNI).
Size class

1A

1B

Taxon
Chiroptera
Primates
Canis spp.
cf. Otocyon megalotis
Canidae
cf. Ictonyx striatus
cf. Genetta genetta
Viverridae
cf. Ichneumia albicauda
cf. Herpestes ichneumon
cf. Herpestes sanguineus
cf. Mungos mungo
Helogale spp.
Herpestidae
cf. Felis sylvestris
Carnivora
cf. Procavia capensis
Madoqua spp.
cf. Heterocephalus glaber
Gerbillinae
Murinae
Xerus spp.
Rodentia
Lepus spp.
Mammalia
cf. Proteles cristatus
Felidae
Carnivora
cf. Ourebia ourebi
cf. Sylvicapra grimmia
Bovidae
cf. Manis temminckii
cf. Hystrix cristata
Mammalia
TOTAL

Common Name
Bats
Primates <10 kg
Jackals
Bat-eared fox
Canids <10 kg
Striped polecat
Common genet
Civets, genets
White-tailed mongoose
Egyptian mongoose
Slender mongoose
Banded mongoose
Dwarf mongooses
Mongooses
Wildcat
Carnivores <10 kg
Rock hyrax
Dik-dik
Naked mole-rat
Gerbils
Rat, mice
Ground squirrels
Rodents
Hares
Mammals <10 kg
Aardwolf
Cats 10-20 kg
Carnivores 10-20 kg
Oribi
Bush duiker
Bovids 10-20 kg
Ground pangolin
Crested porcupine
Mammals 10-20 kg
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LSU 2
3 (1)
0 (-)
4 (1)
3 (1)
1 (-)
1 (1)
0 (-)
3 (1)
3 (1)
1 (1)
0 (-)
0 (-)
5 (2)
6 (-)
1 (1)
8 (-)
160 (14)
668 (18)
1 (1)
6 (2)
0 (-)
1 (1)
96 (-)
149 (8)
358 (-)
0 (-)
3 (1)
10 (-)
9 (2)
2 (1)
74 (1)
1 (1)
1 (1)
83 (-)
1661 (61)

LSU 1
1 (1)
1 (1)
1 (1)
0 (-)
1 (-)
1 (1)
1 (1)
1 (-)
1 (1)
0 (-)
2 (1)
1 (1)
9 (2)
5 (1)
0 (-)
8 (-)
75 (9)
463 (22)
2 (1)
8 (2)
1 (1)
3 (2)
21 (-)
41 (4)
413 (-)
0 (-)
3 (1)
5 (-)
0 (-)
0 (-)
19 (2)
0 (-)
4 (1)
38 (-)
1129 (55)

S9W17
0 (-)
0 (-)
0 (-)
0 (-)
1 (1)
0 (-)
1 (1)
0 (-)
0 (-)
0 (-)
0 (-)
0 (-)
2 (1)
0 (-)
0 (-)
3 (-)
18 (5)
132 (6)
0 (-)
1 (1)
1 (1)
1 (1)
10 (-)
19 (2)
90 (-)
1 (1)
0 (-)
2 (-)
0 (-)
2 (1)
11 (-)
0 (-)
0 (-)
11 (-)
306 (21)

TOTAL
4 (2)
1 (1)
5 (2)
3 (1)
3 (1)
2 (2)
2 (2)
4 (1)
4 (2)
1 (1)
2 (1)
1 (1)
16 (5)
11 (1)
1 (1)
19 (-)
253 (28)
1263 (46)
3 (2)
15 (5)
2 (2)
5 (4)
127 (-)
209 (14)
861 (-)
1 (1)
6 (2)
17 (-)
9 (2)
4 (1)
104 (3)
1 (1)
5 (2)
132 (-)
3096 (137)

Table 3.4 Large mammals (>20 kg) from Guli Waabayo; presented as NISP (MNI).
Size class

2

3

4

5

n/a

Taxon
Primates
Felidae
Carnivora
cf. Ammondorcas clarkei
cf. Gazella granti
Gazella spp.
cf. Litocranius walleri
Antilopini
Bovidae
Mammalia
cf. Crocuta crocuta
cf. Panthera leo
Phacochoerus spp.
Potamochoerus spp.
Suidae
cf. Tragelaphus imberbis
Tragelaphini
cf. Oryx beisa
Bovidae
cf. Orycteropus afer
Mammalia
cf. Equus grevyi
Equus spp.
cf. Camelus dromedarius
cf. Damaliscus lunatus jimela
cf. Alcelaphus buselaphus
Alcelaphinae
cf. Oryx dammah
Bovidae
Mammalia
cf. Diceros bicornis
cf. Giraffa camelopardalis
cf. Syncerus caffer
Mammalia
Oryx spp.
Hippotraginae
Bovidae UD
Artiodactyla
TOTAL

Common Name
Primates 20-60 kg
Cats 20-60 kg
Carnivores 20-60 kg
Clark's gazelle
Grant's gazelle
Gazelles
Gerenuk
True antelopes
Bovids 20-60 kg
Mammals 20-60 kg
Spotted hyena
Lion
Warthogs
Bushpigs
Pigs
Lesser kudu
Tragelaphines
East African oryx
Bovids 60-100 kg
Aardvark
Mammals 60-100 kg
Grevy's zebra
Asses, zebras
Dromedary camel
Topi
Hartebeest
Alcelaphines
Scimitar-horned oryx
Bovids 100-500 kg
Mammals 100-500 kg
Black rhinoceros
Giraffe
African buffalo
Mammals >500 kg
Oryx
Hippotragines
Bovids, undetermined
Even-toed ungulates
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LSU 2
2 (1)
3 (1)
6 (-)
2 (1)
3 (1)
6 (-)
4 (-)
15 (-)
154 (-)
53 (-)
0 (-)
0 (-)
4 (1)
7 (1)
16 (1)
13 (2)
0 (-)
1 (1)
119 (-)
6 (1)
33 (-)
3 (-)
5 (-)
0 (-)
1 (1)
1 (1)
2 (1)
1 (1)
30 (-)
7 (-)
0 (-)
4 (1)
0 (-)
1 (-)
1 (-)
3 (-)
1 (-)
5 (-)
512 (16)

LSU 1
0 (-)
0 (-)
0 (-)
0 (-)
0 (-)
3 (1)
2 (1)
5 (-)
61 (-)
40 (-)
1 (1)
1 (1)
10 (1)
2 (1)
9 (-)
21 (2)
1 (-)
1 (1)
89 (-)
5 (1)
22 (-)
0 (-)
2 (1)
2 (1)
0 (-)
1 (1)
1 (1)
0 (-)
23 (-)
8 (-)
2 (1)
1 (1)
3 (1)
0 (-)
0 (-)
1 (-)
0 (-)
6 (-)
323 (17)

S9W17
0 (-)
0 (-)
0 (-)
0 (-)
1 (1)
2 (-)
0 (-)
2 (-)
32 (-)
26 (-)
1 (1)
0 (-)
3 (1)
3 (1)
1 (-)
2 (1)
0 (-)
0 (-)
26 (-)
1 (-)
8 (-)
0 (-)
0 (-)
0 (-)
0 (-)
1 (1)
2 (-)
0 (-)
7 (-)
0 (-)
0 (-)
1 (1)
1 (1)
0 (-)
1 (1)
0 (-)
0 (-)
0 (-)
121 (8)

TOTAL
2 (1)
3 (1)
6 (-)
2 (1)
4 (2)
11 (1)
6 (1)
22 (-)
247 (-)
119 (-)
2 (2)
1 (1)
17 (3)
12 (3)
26 (1)
36 (5)
1 (-)
2 (2)
234 (-)
12 (2)
63 (-)
3 (-)
7 (1)
2 (1)
1 (1)
3 (3)
5 (2)
1 (1)
60 (-)
15 (-)
2 (1)
6 (3)
4 (2)
1 (-)
2 (1)
4 (-)
1 (-)
11 (-)
956 (41)

Table 3.5 Birds, reptiles, amphibians, and fish from Guli Waabayo; presented as NISP (MNI).
Taxon
Accipitridae
Galliformes
Aves
Testudinidae
Pelomedusidae
Testudines
Testudines (shell)
Varanus spp.
Cordyloidea (unofficial)
Lacertilia (unofficial)
Boidae
Serpentes
Squamata
cf. Pyxicephalus adspersus
Anura
Reptilia/Amphibia
Selachimorpha (unofficial)
Siluriformes
Osteichthyes (unofficial)
TOTAL

Common name
Eagles, hawks, kites
Landfowl
Birds
Tortoises
Side-necked turtles
Tortoises, turtles
Tortoises, turtles
Monitor lizards
Girdled and plated lizards
Lizards
Boas
Snakes
Lizards, snakes, worm lizards
African bullfrog
Frogs, toads
Reptiles, amphibians
Sharks
Catfishes
Bony fish

LSU 2
4 (1)
24 (3)
33 (-)
3 (1)
10 (1)
140 (-)
560 (-)
88 (3)
27 (4)
377 (-)
25 (1)
128 (2)
4 (-)
28 (6)
73 (-)
295 (-)
1 (1)
1 (1)
2 (-)
1823 (24)

LSU 1
0 (-)
8 (2)
52 (-)
1 (1)
18 (1)
38 (-)
113 (-)
140 (8)
50 (3)
37 (-)
33 (1)
57 (2)
3 (-)
2 (1)
19 (2)
175 (-)
0 (-)
4 (3)
1 (1)
751 (25)

S9W17
0 (-)
6 (2)
13 (-)
0 (-)
0 (-)
28 (2)
119 (-)
10 (1)
9 (2)
194 (-)
5 (1)
21 (-)
0 (-)
1 (1)
18 (-)
37 (-)
0 (-)
0 (-)
0 (-)
461 (9)

TOTAL
4 (1)
38 (7)
98 (-)
4 (2)
28 (2)
206 (2)
792 (-)
238 (12)
86 (9)
608 (-)
63 (3)
206 (4)
7 (-)
31 (8)
110 (2)
507 (-)
1 (1)
5 (4)
3 (1)
3035 (58)

Figure 3.2 Aardvark (Orycteropus afer) left medial cuneiform with cut marks.

3.5.2 Bone Weathering and Body Part Representation
The fauna from Guli Waabayo is well-preserved with no indication of differential preservation
through time. We found little variation in mammal bone attrition between LSUs (Fig. 3.3). Bovid
body part representation also shows similar patterns of survivorship between units (Table 3.6).
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Figure 3.3 Bone weathering of all mammal specimens (excluding teeth) at Guli Waabayo. Presented as NISP.
Weathering stages follow Behrensmeyer (1978).
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Table 3.6 Bovid body part representation at GW by LSU and size class (SC), following Thompson and
Henshilwood (2011). Results presented in NISP.

LSU 2

LSU 1

ELEMENT
Tooth
Cranial
Mandible
Atlas/Axis
Pelvis
Scapula
Humerus
Radius/Ulna
Femora
Tibia
Patella/Sesamoid
Carpal/Tarsal
Metapodial
Phalanx
Teeth
Cranial
Mandible
Atlas/Axis
Pelvis
Scapula
Humerus
Radius/Ulnae
Femora
Tibia
Patella/Sesamoid
Carpal/Tarsal
Metapodial
Phalanx

SC 1A
34
31
70
8
20
24
42
56
36
21
4
74
99
125
37
17
27
3
5
31
36
49
28
10
3
45
56
83

SC 1B
14
3
4
2
1

SC 2
28
3
4
1
2

SC 3
34

SC 4
3
1

SC 5

2
1
1

3
8
6
3
1
9
6
24
1
1

10
2
2
10
20
19
81
32

1

1

2
2
1
18
9
22
40
33
3
1

12
7
6
6
3
2
2

1
1
4
2
1
2
5

2
3
3
2
4
6
8
25

2

10
10
18
22

1
7
2
3
3

3

TOTAL
113
38
80
12
23
25
45
76
46
27
45
119
152
276
109
23
30
3
7
32
40
53
35
15
24
64
87
138

3.5.3 Change Through Time
We note no difference in the frequency of small (<20 kg) versus large game (>20 kg) through
time at Guli Waabayo (Fig. 3.4). In LSU 2, small taxa make up 85.1% (2924/3436) of the
identifiable assemblage, compared to 84.6% (321/2088) in LSU 1. Changes, however, are
observed in the composition of small game through time (Fig. 3.5). Mammals under 10 kg are
the most common small taxa found in both units. Frequencies of mammal 1A bones increase
from 56.2% (1478/2629) in LSU 2 to 66.6% (1060/1592) in LSU 1. Reptiles are the second most
prevalent small taxa at the site. The frequency of reptile bones drops slightly between LSU 2
(30.5%, 802/2629) and LSU 1 (23.7% (377/1592).

74

Frequencies of small game reported by Tanaka (1980, pp. 68) for the San (82.9%, 142/171.25)
are nearly identical to those at Guli Waabayo, but differences exist in the composition of small
game. Frequencies of mammals under 10 kg (52.8%, 75/142) are similar to those from the lower
levels at Guli Waabayo, but less than those recorded for LSU 1. Conversely, mammals weighing
between 10-20 kg (33.8%, 48/142) are considerably more common among the San sample than
observed throughout the sequence at Guli Waabayo. Birds weighing less than 20 kg (13.4%,
19/142) are also more prevalent in the San data than at the site. No reptiles under 20 kg,
amphibians or fish were recorded among San hunters, but they are present in low frequencies
throughout the Guli Waabayo assemblages.

Figure 3.4 Small versus large taxa. Guli Waabayo data presented as % (NISP). San data presented as % (# of kills
per year per 50 people).
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Figure 3.5 Frequencies of small taxa. Guli Waabayo data presented as % (NISP). San data present at % (# of kills
per year per 50 people).

3.6 Discussion
The Guli Waabayo faunal assemblage is large, highly diverse, and dominated by small
mammals, birds, reptiles, and amphibians that weigh under 20 kg. High frequencies (>80%) of
small game persist relatively unchanged throughout the site’s sequence, a pattern not yet
documented elsewhere in eastern Africa or even the continent as a whole. The large size of the
assemblage and lack of evidence for differential mammal bone attrition suggest that these
findings are robust. This draws attention to the role of changing climatic regimes and
environmental settings in forager subsistence choices and associated social structures. In
particular, faunal data from the site begs the question, why did hunting patterns at Guli Waabayo
remain so consistent through time?

76

Long-term small game hunting contrasts with evidence for changes in the types and diversity of
stone tools at the site. Although the precise timing of technological shifts is currently unknown,
there was a shift through time in lithic technology at Guli Waabayo. At nearby Gogoshiis Qabe,
the Early and mid-Holocene lithic assemblage is characterized as Eibian, dominated by small
points and trihedral rods, microliths and scrapers. Though more lithic data are needed, the lack of
change in fauna suggests that functional and stylistic alterations among the lithics are not
associated with different faunal procurement strategies over time. Instead changes in technology
may relate to new animal processing strategies or other non-animal subsistence activities.
Modeled dates from the site indicate repeated human occupation from cal 30,750–25,765 BP to
cal 15,125–10,640 BP, which can be divided into two phases of site-use that correspond with
distinct climatic periods: the arid MIS 2 29-11.7 kya (LSU 2) and the wetter MIS 1 beginning
after 11.7 kya (LSU 1) (Jones et al. in prep.). We observe a strong pattern of small game hunting
during both phases, as documented by small animal frequencies of 85.1% in levels dating to MIS
2 and 84.6% in levels dating to MIS 1. Mammals weighing less than 10 kg are particularly
common throughout the sequence, increasing from 56.2% of all small game during the terminal
Pleistocene to 66.6% in the Holocene. Taxonomic information associated with both periods
suggest people relied heavily on animals found on and around the Buur Heybe inselberg today,
particularly small mammals such as dik-dik and rock hyrax. Faunal data from Guli Waabayo is
the first evidence of an intensive and prolonged reliance on small, local game by foragers
spanning the Pleistocene/Holocene boundary in eastern Africa.

3.6.1 Small Animals in Terminal Pleistocene and Holocene Eastern Africa
Small animals (<20 kg) have been identified at many stratified Pleistocene and Holocene sites
across East Africa and the Horn, but in lower frequencies (~40% or less) than those reported in
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southern Somalia at the Rifle Range Site (67.2%; Jones et al. 2018) and Guli Waabayo (84.9%).
At Enkapune Ya Muto, a rock shelter near the edge of the Mau escarpment in central Kenya,
Middle and Later Holocene hunters focused on smaller and medium-sized forest-dwelling bovids
such as bushbuck, reedbuck, and bush duiker (Marean 1992a). Although bush duikers are
emphasized at the site, small animals make up only 34.3% of the assemblage overall. Marean
(1992b, 1997) also documented large game savanna hunting strategies that mostly ignored
smaller, inselberg species at multiple rock shelter and caves sites on the Lukenya Hill inselberg
of southern Kenya over the last ~40,000 years. Frequencies of small game at these sites range
from 3.3% to 29.2%. Further south, a large faunal assemblage was recovered from the long
Pleistocene and Holocene sequence at the Kisese II rock shelter in the Kondoa region of
Tanzania (Marean and Gifford-Gonzalez 1991; Tryon et al. 2018), but comprehensive taxonomic
information was not available for comparison at the time of this study.
In the Horn of Africa, detailed analyses of small animal assemblages from stratified
archaeological sequences are rare. At Porc Epic Cave in eastern Ethiopia, Middle Stone Age
hunters targeted a wide range of small and large mammals ca. 78,000-34,000 BP (Assefa 2006).
The frequency of small game (40.6%) is slightly higher here than at the Kenyan sites, but still
less than half that observed at Guli Waabayo. Although Later Stone Age materials were
recovered from the cave, the faunal remains associated with later occupations have not been fully
analyzed. As a result, the Rifle Range Site and Guli Waabayo are two of the only well
documented datasets available for examining forager small animal use over the last ~26,000
years in East Africa and the Horn. Guli Waabayo, in particular, preserves the longest and most
consistent record of intensive small animal hunting in eastern Africa spanning this period. To
better understand why people continued to hunt small animals at Guli Waabayo over its ~20,00078

year occupation, it is useful to consider relevant examples of small game hunting among historic
foragers in other arid and semi-arid African environments.

3.6.2 Hunting Small Animals in Arid and Semi-arid African Environments
Historically, ethnographic research on forager hunting behaviors in arid and semi-arid African
environments has centered on the social and economic implications of big game hunting.
Scholars highlight a preference for large mammals among Hadza hunters in the dry savannas of
East Africa and the Kalahari San of southern Africa, which they link to meat sharing and social
maneuvering (Hawkes et al. 2001; O’Connell et al. 1988; Wiessner 2002). Some small game
hunting has been noted among the Hadza, but often in low frequencies and by children rather
than adults (Hawkes et al. 1991; Jelliffe et al. 1962). On the other hand, Yellen (1991a, 1991b)
pointed out that small taxa are a more important component of San hunting strategies than often
considered. Tanaka’s (1980, pp. 68) data on captured game among the ≠ Kade San also suggests
that small game was regularly hunted in the central Kalahari. Our analysis demonstrates that the
frequency of small game use is similarly high throughout Guli Waabayo’s occupation. However,
hunters at Guli Waabayo targeted a wider range of small taxa than reported by Tanaka.
Based on ethnographic data collected among arid and semi-arid adapted African foragers,
researchers argue that the incorporation of a diverse range of smaller prey into subsistence
strategies is a more cost-efficient, less risky hunting strategy than focusing solely on large
mammals (Hawkes et al. 1991; Yellen 1991a). A trend toward small game hunting has been
linked to decreasing large mammal stocks and increasingly sedentary lifeways among some San
groups, suggesting that social and environmental factors can influence hunters’ reliance on
smaller, lower-ranked prey species in less productive habitats (Kent 1993; Lee and Yellen 1976).
Late Pleistocene and Holocene climate-induced rainfall fluctuations in the Horn of Africa would
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have affected the abundance and diversity of animals available to hunters living on and around
Buur Heybe over time. Evidence for prolonged small game use between ~26-6 kya, however,
suggests forager hunting strategies were not significantly influenced by fluctuations in resource
availability. Instead, subsistence stability during a period of climatic variability in the southern
Horn suggests that peoples’ rationale for hunting small animals may have changed over the
course of the site’s use.
It is possible that hunters at Guli Waabayo targeted the abundant small mammals, birds, reptiles,
and amphibians on and around Buur Heybe to maximize caloric gain during an arid period at the
end of the Pleistocene when much of northern and eastern Africa was drier than it is today and
resources would have been limited. However, data to support an increased human presence (e.g.
more sites, higher artifact densities at sites, etc.) at the inselbergs of southern Somalia during this
period is currently unavailable. Greater regularity in rainfall during MIS 1 would have increased
the overall abundance of plant and animal resources both on the Buur and in the surrounding
plains. However, people did not incorporate a greater percentage of large game into their diets.
Instead, foragers at Guli Waabayo maintained their focus on small game and even increased their
emphasis on inselberg-centric mammals, particularly dik-dik, as climatic conditions improved.
Dik-dik are reported in low numbers at many sites across northern and eastern Africa (e.g.
Busolo 2007; Grillo and Hildebrand 2013; Lane et al. 2007; Osypińska and Osypiński 2016).
Guli Waabayo, however, preserves the largest archaeological dik-dik assemblage ever
documented. Since dik-dik evolved in the Horn of Africa and are particularly well adapted to
semi-arid and arid climates (Drake-Brockman 1910, pp. 68-73; Maloiy et al. 1988), they may
have been more numerous and easier to hunt than other available taxa at the Buur Heybe
inselberg during the site’s occupation, particularly with climatic amelioration in the Early
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Holocene. However, current ecological data on the abundance and distribution of dik-dik in the
southern Horn is not available to test this hypothesis.
An increased focus by foragers on certain prey species during the Holocene is also noted at
forager sites in other parts of Africa, North America, and the Near East (Dale 2007; Jerardino
2010; Munro 2009; Schmitt et al. 2004). In most cases, specialized hunting and fishing strategies
are tied to resource stress due to rising human populations or environmental degradation.
However, specialized fishing strategies are observed at Kansyore sites in the Lake Victoria Basin
as rainfall increased in the Early Holocene (Dale et al. 2004; Prendergast and Lane 2010),
suggesting that resource intensification can also occur when ecological pressures are reduced.
Brandt (1988) argued that Early and Middle Holocene burials at the Gogoshiis Qabe rock shelter
(~200 m south of Guli Waabayo) indicate emergent ideas of territoriality linked to people’s
ability to defend resources at the Buur Heybe inselberg. Evidence of small mammal
intensification during the later occupations of the rock shelter supports this idea and suggests that
as climatic conditions improved people remained committed to the inselberg landscape even
though they had less restrictions on where and how they lived than they would have in preceding
arid periods. Detailed analyses of the small mammal assemblages at Guli Waabayo will better
clarify what role hunting methods and prey choice played in the long-term use of the Guli
Waabayo rock shelter over time. Forthcoming osteological and genetic data from human burials
as well as lithic data from Guli Waabayo and Gogoshiis Qabe will also provide new perspectives
on the social and economic contexts of small game hunting at Buur Heybe during the Late
Pleistocene and Holocene.
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3.7 Conclusion
The fauna from Guli Waabayo is one of the largest and most well-dated assemblages from the
Horn of Africa. As a result of ongoing civil war, it also represents one of the only available
datasets for examining humanity’s long-term presence in Somalia. Radiometric data from the site
indicates a long and mostly unbroken occupation sequence that covers the Late
Pleistocene/Holocene transition in eastern Africa (Jones et al. in prep.). This provides a unique
opportunity for examining changing forager behaviors over a ~20,000-year period marked by
climatic variability in northern and eastern Africa. Our analysis of the fauna from Guli Waabayo
investigated the possibility that foragers adjusted their hunting strategies to cope with fluctuating
rainfall over time. Evidence from this study, however, demonstrates that people maintained a
consistent hunting strategy at the site that targeted large numbers of small, localized prey species
during both the arid MIS 2 (29-11.7 kya) and the wetter MIS 1 (after 11.7 kya). Evidence of
intensive small game hunting over such a long period of time is unprecedented. Findings from
this study provide new perspectives on small animal use among hunter-gatherers in Africa and
suggest greater forager variability in semi-arid tropical environments than has been previously
considered.
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Chapter 4: All Dik-dik, All the Time: Small
Mammal Hunting Methods at the Guli
Waabayo Rock Shelter, Southern Somalia
~26-6 kya
Mica B. Jones
Abstract: Forager approaches to small mammal hunting vary widely in time and space, as do
peoples’ reasons for targeting smaller prey. Specialized techniques for capturing small mammals,
such as traps, snares, and nets often target specific taxa and are associated with resource
diversification, economic efficiency, and the development of social and political differentiation
in hunter-gatherer societies. By examining faunal taxonomic frequencies and mortality profiles at
sites, archaeologists can investigate links between small mammal hunting methods and
prehistoric forager lifeways. At Guli Waabayo in southern Somalia hunters maintained an
unusually high emphasis on small game (<20 kg) throughout the arid Marine Isotope Stage
(MIS) 2, ~29-11.7 kya and wetter MIS 1, after ~11.7 kya, which scholars argue indicates social
change in the Holocene, possibly related to territoriality. Here we examine diachronic forager
organization in greater detail by focusing on small mammal hunting methods during dry and wet
periods in the terminal Pleistocene and Holocene. Analyses of the site’s small mammals,
including an unprecedently large dik-dik (Madoqua, dwarf antelope) assemblage (NISP 1,263),
highlight hunting techniques. Compared to most African sites, high frequencies of small
carnivores (4.7%) including jackal, bat-eared fox, striped polecat, and mongoose at Guli
Waabayo, suggest the long term use of traps and snares. Dik-dik mortality profiles dominated by
adults (43%) with Old, Old Juvenile, and Juvenile animals well represented (7-30%) indicate
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specialized group net-hunting practices. These findings suggest that Late Pleistocene and
Holocene hunter-gatherers used technologically sophisticated hunting strategies to target
localized small mammal taxa at the Buur Heybe inselberg ~26-6 kya. Evidence for trapping,
snaring, and net-hunting through dry conditions in the terminal Pleistocene and the more humid
Holocene indicates that hunters’ investment in hunting technologies played a role in
intensification. Communal net hunts and short-term food surpluses at Guli Waabayo may also
have contributed to changing internal social dynamics during the Holocene when increasing
territoriality is posited for hunter-gatherer communities living at Buur Heybe.

4.1 Introduction
Increasing forager reliance on small mammals is typically linked to factors including resource
pressure and changing social organization through time (Jones and Brandt in prep.; Lupo and
Schmitt 2005; Monro 2003; Satterthwait 1987; Stiner et al. 2000; Stutz et al. 2009). In most
cases, arguments relating small mammal-use and hunter-gatherer social organization can be
traced back to the techniques used to hunt small, as opposed to large, animals. Large animals are
often hunted with spears and bows and arrows by small, mobile forager groups. However, the
use of specialized hunting techniques like trapping, snaring, or communal net-drives to target
specific small mammal taxa may have broader implications for hunter-gatherer social, economic,
and political systems.
Research among recent hunter-gatherers in southern African environments that support a wide
range of small mammals suggest that individual hunters’ use of traps and snares led to prey
diversification and increased economic efficiency (Holliday 1998; Lee and Yellen 1976; Yellen
1991; Wadley 2010). Net-hunting, however, is often undertaken by co-operative groups to target
one or two small mammal species and has been linked to food surpluses and changing social and
94

political status at times. Congo Basin forest hunters in central Africa use community-wide netdrives to facilitate group cohesion and sociality (Lupo and Schmitt 2005). In Australia, excess
food from large-scale net-drives has been tied to the rise of “big men” and the establishment of
hierarchical political structures among aboriginal Australian foragers (Satterthwait 1987).
Similarly, rabbit drives in the western United States have been associated with feasting rituals
and the rise of temporary leaders or “rabbit bosses” (Beaglehole 1936; Parsons 1918; Steward
1938; White 1932).
Diachronic faunal analyses of hunting methods at archaeological sites provide novel insights into
these issues in the past (Lupo and Schmitt 2002, 2005; Satterthwait 1986, 1987). Unfortunately,
traps, snares, and nets do not preserve well archaeologically and so their influence on the
economic and social dimensions of prehistoric forager lifeways can be difficult to discern. As a
result, archaeologists generally rely on analyses of species and age profiles to differentiate
hunting approaches (Holliday 1998; Lupo and Schmitt 2005; Wadley 2010).
Although ethnographic observations of hunter-gatherers in Africa has influenced debates
regarding the role of small mammals in foraging societies, the relationships among
environmental conditions, small mammal hunting technologies, and societal variability since the
Late Pleistocene in Africa are unclear. Archaeologists argue that hunter-gatherer social and
economic diversity was higher in Africa during the Holocene than in historic times and that
delayed-return forager societies were more common (Barich and Garcea 2008; Dale et al. 2004).
Complex hunter-gatherer societies of the Acacus mountains of Libya and the Lake Victoria
Basin are thought to have been based, in part, on emergent concepts of ownership of the rich and
predictable resources in these regions (Barich and Garcea 2008; Dale et al. 2004). Little
attention, however, has been paid to the role of small mammal hunting in claims to territory,
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discussions of co-operative subsistence activities, or leadership. Faunal data from the Guli
Waabayo rock shelter in southern Somalia (Fig. 4.1) indicates that foragers who lived at the Buur
Heybe inselberg consistently and intensively hunted a diverse range of small game throughout
the terminal Pleistocene and Holocene (Jones and Brandt in prep.). This dataset provides an
unprecedented opportunity for examining people’s choices regarding small mammal hunting and
their relationships to societal change ~26-6 kya.
Rainfall fluctuations over the last 30,000 years provide a baseline for examining small hunting
methods during both arid and wetter periods at Guli Waabayo. Well-documented climatic
oscillations during the terminal Pleistocene and Holocene in northern and eastern Africa fall into
two distinct precipitation phases: the arid Marine Isotope Phase 2 (MIS 2; 29-11.7 kya) and the
wetter Marine Isotope Phase 1 (MIS 1; after 11.7 kya) (Costa et al., 2014; Rachmayani et al.,
2015; Reid et al 2018; Tierney and deMenocal 2013). Presumably, the Buur Heybe inselberg
would have provided a more productive habitat for small mammals than the surrounding semiarid plains during both periods.
This study examines taxonomic frequency and mortality data from Guli Waabayo to investigate
forager reliance on small mammals through time and to infer specific small mammal hunting
strategies in the past. Two specialized hunting techniques are highlighted in reference to
identified taxa: individual trapping and snaring (small carnivores) and communal net-drives (dikdik). The findings contribute new information for understanding the social and economic lives of
foragers living at the site ~26-6 kya.
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Figure 4.1 Buur Heybe with Guli Waabayo rock shelter indicated by white dot (image ©Google Earth).

4.2 Background
Roughly 140 Precambrian granitic inselbergs (“buur”, locally), provide the only significant
topographic relief in the otherwise flat, low-lying Buur Region of southern Somalia. The
landscape surrounding Guli Waabayo is characterized by semi-arid scrub/bushland which is
susceptible to fluctuations in annual rainfall (Maxwell and Fitzpatrick 2012; White 1989).
However, increased soil retention and perennial springs at some of the larger inselbergs create
pockets of greater ecological productivity. Rising ~275 m from the surrounding plains and
covering an area of ~4.7 km2, one of the largest inselbergs in the region, Buur Heybe, provides a
particularly productive habitat for communities of small mammals including dik-dik, rock hyrax,
hare, and mongoose today (Brandt, 1986, 1988; Kingdon, 1971, 1974, 1977, 1982, 2004).
Historically, inter-riverine southern Somalia has been home to several pastoralist, agricultural,
and hunting communities and many modern towns and villages are located on or around
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inselbergs in the region today (Food Security and Nutrition Analysis – Somalia,
http://www.fsnau.org/ipc/population-table). The Eyle are a mainly agropastoralist group who,
according to local history, once occupied settlements and rock shelters on and around all three of
the major inselbergs in the Buur Heybe area (Buur Heybe, Buur Hakaba and Buur Dhijis). In the
1940s, J.D. Clark (1953, pp. 49) estimated ~4,000 Eyle people lived in the Buur Region, but by
the 1970s and 80s that number had declined to ~450 as a result of assimilation into neighboring
Somali pastoralist and Bantu agricultural communities and migration to nearby metropolitan
centers such as Mogadishu (Abdullahi 2001, pp. 10-11; Hitchcock 1999, pp. 180). Ethnographic
observations from the 1940s suggest that small, buur-centric mammals played an integral role in
the lives of people living near Buur Heybe in the recent past (Clark 1953). Archaeological
research at a number of rock shelter sites extend this pattern of reliance on inselberg
environments into the distant past (Brandt 1988; Clark 1954; Graziosi 1940; Jones and Brandt in
prep.; Jones et al. 2018, in prep.).
Over 100 rock shelter sites have been identified on and around Buur Heybe since the 1930s.
Early excavations at two of these sites, Gogoshiis Qabe and Guli Waabayo, revealed deep
archaeological deposits with distinctive Middle and Late Stone Age lithic sequences that have
since been used to characterize sites across the southern Horn of Africa (Brandt 1986; Clark
1954; Graziosi 1940).
Between 1985 and 1989, S. Brandt and the Buur Ecological and Archaeological Project (BEAP)
conducted excavations at Buur Heybe (Brandt 1988; Jones and Brandt in prep.; Jones et al. in
prep.) Unfortunately, the onset of the Somali Civil War in the early 1990s barred the BEAP from
returning to the area. Before leaving Somalia for the last time, Brandt exported the lithic and
faunal assemblages from Guli Waabayo to the U.S. The lithic assemblages from these sites is
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currently under study at the University of Florida. Curated in the Zooarchaeology Laboratory at
Washington University in St. Louis, the fauna from Guli Waabayo was recently examined by
Jones and Brandt (in prep.) Twenty-three new radiocarbon dates from ostrich eggshell and
enamel apatite were also sampled throughout the sequence, which suggest at least intermittent
use of the rock shelter between ~26-6 kya (Jones et al. in prep.). Over this ~20,000-year period,
people at Guli Waabayo maintained a consistent hunting strategy that targeted a diverse range of
game including large and small mammals, birds, reptiles, and fish with a particular emphasis on
mammals weighing <20 kg (Jones and Brandt in prep.). This study focuses on the small mammal
assemblage from Guli Waabayo.
Following Jones and Brandt (in prep.), patterns of small mammal hunting at Guli Waabayo were
analyzed using two lithostratigraphic units (LSUs) that correspond with known climatic episodes
in the region. Units were established based on observed depositional changes and Bayesian
modeling of radiometric data from the site (Jones et al in prep). The lower levels at Guli
Waabayo LSU 2) date to cal 30,750–25,765 BP to cal 15,125–10,640 BP. These deposits are
overlain by ~80 cm of deposits, which date to cal 11,315–8,805 BP to cal 7,420–5,115 BP (LSU
1).This study compares forager hunting behaviors at Guli Waabayo during these two
occupational periods: LSU 2 corresponds to the hyper-arid MIS 2 (29-11.7 kya) and LSU 1 to
the wetter MIS 1 (after 11.7 kya).
Of the 11 1x1 m units excavated at Guli Waabayo, one unit (S9W17) showed evidence of
significant mixing. Small mammal bones from this unit are presented separately and are not
included in discussions of change through time at the site. Fauna from all of the other units was
analyzed in order to examine changing small mammal hunting strategies through time, with a
particular emphasis on the dik-dik bones from the site.
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4.2.1 Background to Dik-Dik (Madoqua) Ecology, Behavior, and Hunting
To contextualize the relationship between dik-dik and small mammal hunting, I introduce
background information on modern dik-dik ecology and behavior as well as ethnographic
information on dik-dik hunting methods. Dik-dik are a genus (Madoqua) of arid-adapted dwarf
antelope that first appear in the fossil record during the Miocene (~11.6 mya) in eastern Africa
(The Paleobiology Database, https://paleobiodb.org). Among the smallest ruminants in Africa
(along with the suni, Neotragus moschatus), adult dik-dik stand 30-43 cm tall and weigh between
2-7.2 kg (Kingdon 1982, 2004). There are four recognized species of dik-dik in Africa today,
three of which (M. guentheri, M. saltiana and M. piacentinii) are endemic to the Horn of Africa
(Drake-Brockman 1910, pp. 68-73; Kingdon 1982; Maloiy et al. 1988). All dik-dik species drink
very little water and, in some cases, derive all of their moisture from the plants they eat (Maloiy
1973; Maloiy et al. 1988; Tinley 1969). They also tend to live in areas with hard, rocky soils and
an abundance of low thicket vegetation. Rocky outcrops, such as the inselbergs of southern
Somalia, provide sufficient cover from predators and support abundant communities of edible
plants for dense dik-dik populations (Kingdon 1982).
In such environments, dik-dik live in monogamous breeding pairs and maintain well-defined
territories (Brotherton and Manser 1997; Drake-Brockman 1910, pp. 68-73; Kranz 1991).
Territories are tightly defended and average ~1 km2 but vary widely in size depending on the
distribution of food, shelter, and other dik-dik on the landscape (Brotherton and Manser 1997;
Kingdon 1982, pp. 253-254; Simonetta 1966). The annual availability of good quality food in
most dik-dik territories means that breeding-age females usually give birth twice a year, once
during the wet season and once during the dry season (Kingdon 1982, pp. 258; Kranz 1991).
Each pregnancy produces a single offspring and gestation lasts between 166-174 days, after
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which post-partum estrus occurs within ~10 days (Brotherton and Manser 1997; Brotherton et al.
1997; Kingdon 1982, pp. 260-261). The relatively low birth-rate of dik-dik compared to other
small African mammals such as hare (up to 12 offspring per year, Kingdon 1974, pp. 346-347)
suggests that overhunting could have dramatic effects on dik-dik populations through time.
Somali pastoralists have been observed chasing down and catching dik-dik by hand (Simonetta
1966). Although they can reach speeds of up to 42 km/hr, adults are very hesitant to leave their
territories and will run in circles around its borders when chased. This allows hunters to run
animals into exhaustion without losing track of them. A few documented cases of extensive dikdik hunting in the African ethnographic record suggests historic hunter groups in Somalia also
drove dik-dik into net barriers using dogs which would have facilitated large-scale kill-offs
(Clark 1953; Lewis 1955). Once captured, dik-dik are often used for food and their skins are
highly prized for making blankets and fine glove-skin suede (Kingdon 1982, pp. 261). It is
unknown exactly how much meat an average adult dik-dik yields, but another small bovid, the
common duiker (S. grimmia; 11-25 kg), provides ~52% of its live weight as meat (Hoffman and
Ferreira 2001, Topps 1975). Assuming a similar percentage for dik-dik, it is estimated that an
adult (2.7-7.2 kg) would yield roughly 1.4-3.7 kg of meat. Although this number may seem low,
researchers suggest that small antelope can provide enough meat to facilitate food sharing when
caught in large numbers (Ichikawa 1983; Kent 1993). Similar social factors can also be
interrogated in the past by examining the archaeological remains left by small mammal hunters.

4.2.2 Small Mammal Hunting Methods and the Archaeological Record
Small mammals are hunted in a variety of ways, most of which target a particular set of taxa and
therefore produce unique faunal signatures in the archaeological record (Holliday 1998; Lupo
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and Schmitt 2005; Wadley 2010). This is particularly true of trapping, snaring, and group nethunting.
Trapping and Snaring: Trap and snare hunting tend to target small, solitary, non-migratory,
and nocturnal prey (Wadley 2010). Individual hunters set traps and snares in areas where small
mammals are abundant in order to capture animals indiscriminately. The effort to make and set
such devices is low and, once set, they need only be checked every day or two. Faunal
assemblages with high frequencies of small mammals, particularly fur-bearing carnivores, are
often thought to be indicative of trapping and snaring practices (Holliday 1998; Lupo and
Schmidt 2005). Ethnographic work among Congo Basin hunters show that traps and snares
preferentially target small carnivores (Lupo and Schmitt 2002). In the Kalahari Desert, Lee and
Yellen (1976, pp. 40) note the use of “ingenious snares” by San hunters to capture a range of
small mammals including hare, bat-eared fox, mongoose, genet, and aardwolf. In both cases,
however, trapping and snaring play a secondary role in the hunting lives of foragers and is
combined with other techniques.
Group Net-hunting: Some hunters also use nets up to 100 m long and 4 m high to increase the
likelihhod of catching large numbers of mostly small mammals in relatively short periods of time
(Clark 1953; Ichikawa 1983; Satterthwait 1986). Making and setting such large nets requires a
high degree of effort and coordination among hunting groups, sometimes several families large
(Steward 1938). Increased work and cooperation among foraging groups is considered
worthwhile in such cases, since net-drives can produce high yields of meat for sharing (Lupo and
Schmitt 2005), feasting (Satterthwait 1987), or preservation (Clark 1953). Although it is possible
for net-drives to capture a range of different animals, hunts often target one species at a time
since different sized animals require different sized nets (Satterthwait 1986). In most cases, net102

hunts focus on particular non-migratory small mammals, such as duikers, wallabies, and
jackrabbits. Territoriality among targeted prey is useful because it allows hunters to more
accurately predict the locations of dense prey populations before setting their nets. Once set, the
hunting party can chase all animals within an area into the net wall and dipatch them with clubs
or arrows.
A tendancy among communal net-hunters to focus on a narrow range of prey, often results in the
accumulation of one or two species of small mammals in faunal assemblages. Central African
forest hunters use net-drives in which a large net wall (1-1.5 m high and 30-100 m long) is strung
up and small, territorial ungulates, particularly duikers and chevrotains, are chased into it by all
members of the community (Ichikawa 1983; Fa et al. 2016; Lupo and Schmidt 2005). Blue
duiker (4 to 5 kg) are by far the most common taxon captured by Mbuti, Aka, and Bofi nethunters. The only other known case of net-hunting in Africa comes from southern Somalia
among Eyle Giaffei dik-dik hunters (Clark 1953). The Eyle Giaffei’s singular focus on dik-dik at
the Buur Heybe inselberg indicates that the size and behavior of the animals as well as the terrain
make this area suitable for this technique. These factors are relevant (sensu Wylie 2002) to the
archaeological setting.
Lupo and Schmidt (2002, 2005), however, argue that taxonomic information alone is insufficient
for identifying communal net-hunting in the past. Mortality profiles are also important for
investigating small mammal hunting methods at archaeological sites. Group net-hunts are
focused with regard to prey species but tend to indiscriminately target all individuals in a given
area, thus age profiles that mimic living populations are expected (Lupo and Schmitt 2002).
Although the same is often true of trapping, snaring, and individual pursuit, variation in the
frequency of juveniles helps to distinguish net-hunting from these other methods
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archaeologically. No age at death information is available from Eyle Giaffei hunts, but data from
Mbuti, Aka, and Bofi net-hunters align with predicted patterns (Hudson 1991; Lupo and Schmidt
2002). In contrast, mortality profiles of small ungulates from traps and snares in the Congo Basin
tend to include few to no young animals since juveniles are less likely to follow adults into traps
or snares as opposed to being run into a net (Noss 1995). Congo net-hunts as well as trapping
and snaring practices produced different mortality profiles than those documented among San
small mammal hunters who capture up to 67% juvenile duikers through individual pursuit with
clubs or bow and arrows (Wilmsen and Durham 1988; Yellen 1991).
This project examines taxonomic frequency and mortality data from Guli Waabayo to investigate
patterns related to different small mammal hunting techniques such as individual pursuit,
trapping and snaring, or group net-hunting in the past.

4.3 Faunal methods
Identified mammals weighing less than 20 kg are the focus of this study. A cut-off at 20 kg
follows a distinction made by Yellen (1991) between animals that can be transported back to
camp whole and those that must be dismembered at the kill-site and carried back to camp in
pieces. Sorting and identification methods are outlined in Jones and Brandt (in prep.). The
assemblage was quantified using Number of Identifiable Specimens (NISP), which was counted
and recorded for all specimens, and Minimum Number of Individuals (MNI), which was
calculated based on body part, species, and NISP (Klein and Cruz-Uribe, 1984, pp. 24-32; Reitz
and Wing, 1999, pp. 191-200).
After initial sorting, identification, and quantification, I calculated relative taxonomic
frequencies per LSU to examine diachronic patterns in the composition of hunted small mammal
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taxa at Guli Waabayo. Mortality profiles were also calculated for dik-dik. Both NISP and MNI
were used in analyses. Since there was no significant difference observed between the two sets of
measurements, results are presented using NISP values. Taxonomic frequencies were calculated
using the following formula (following Reitz and Wing, 1999, pp. 200-202): Xn / Yn = Zxn. In
this formula: Xn = NISP or MNI of faunal materials attributed to subgroup X by LSU n; Yn =
NISP or MNI of ID specimens by LSU n; Zxn = relative frequency of subgroup X in LSU n.
The faunal assemblage at Guli Waabayo is dominated by dik-dik and highly fragmented. As a
result, it was possible to use tooth rows to generate aging data for dik-dik, but not for other
mammals. Dik-dik mortality profiles were calculated using aging data from the dik-dik teeth
from Guli Waabayo to examine hunting and prey selection practices at the site (following Lupo
and Schmitt 2005; Bunn and Pickering 2010; Uchiyama 1999). Complete dik-dik teeth and tooth
rows were sorted into four broad age categories to calculate age at death as shown in Table 4.1
and Figure 4.2. Age estimations were made using detailed tooth eruption data for Kirk’s dik-dik
(M. kirkii) (Kellas 1955) and general criteria for tooth eruption and wear patterns observed for
bovids (Hilson 1986). Precise age correlations were not available for dik-dik, but Kellas (1955)
observed that female Kirk’s dik-dik reach sexual maturity at ~6 months when Old Juvenile
dentition is present. Interpretation of taxonomic frequencies and age profiles use insights from
dik-dik ecology and behavior and ethnographic data on historic and recent small antelope and
dik-dik hunting using different strategies including snares, traps, nets, and individual pursuit.
Differential preservation can affect taxonomic frequency and age at death patterns observed at
archaeological sites. However, Jones and Brandt (in prep.) report no significant difference in
bone weathering or density-related attrition throughout the sequence at Guli Waabayo. This
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suggests that preservation bias was not a major factor in the accumulation of small mammal
bones at the site.
Table 4.1 Tooth eruption and wear criteria used for estimating age at death of dik-dik from Guli
Waabayo. M3 = third molar; DP = deciduous premolar; P = adult premolar.
Age

Tooth Eruption

Juvenile (J)

M3s not present; DPs present

Old Juvenile (OJ)

M3s present; DPs present

Adult (A)

M3s present; adult Ps present

Old (O)

M3s present; adult Ps present

Tooth Wear
Adult teeth lightly or unworn;
DPs lightly worn
M3s lightly or unworn;
DPs heavily worn
M3s under normal wear
(intra-tooth enamel present)
M3s heavily worn
(intra-tooth enamel not present)

Figure 4.2: Dik-dik mandibles of different age sets from Guli Waabayo.

4.4 Results
A total of 3,096 small mammal bones were recovered from Guli Waabayo (Table 4.2). Of those,
2,103 (67.9%) could be identified beyond Class (Mammalia). Identified small mammal taxa
include: bats (Chiroptera), small primates (Primates <5 kg), aardwolf (Proteles cristatus),
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African wild cat (Felis sylvestris), jackals (Canis), bat-eared fox (Otocyon megalotis),
mongooses (Herpestidae), common genet (Genetta genetta), striped polecat (Ictonyx striatus),
rock hyrax (Procavia capensis), dik-dik (Madoqua), oribi (Ourebia ourebi), common duiker
(Sylvicapra grimmia), ground pangolin (Manis temminckii), African porcupine (Hystrix cristata),
naked mole rat (Heterocephalus glaber), gerbils (Gerbillinae), Old World rats and mice
(Murinae), ground squirrels (Xerus), and hares (Lepus).
Overlap in skeletal measurements is observed among dik-dik and suni (Neotragus moschatus) in
eastern Africa. However morphometric analyses of a sample of modern first phalanges from
eight dik-dik and seven suni specimens studied at the Field Museum revealed that size ranges of
first phalanges of these similar sized small antelope did not overlap, allowing discrimination
between taxa (Fig. 4.3).
Dik-dik antelope are by far the most common small mammal taxon at Guli Waabayo making up
60.1% (NISP 1,263/2,103) of the fauna. Morphometric analyses of 31 first phalanges revealed
that the bones from Guli Waabayo belong to the genus Madoqua rather than to Neotragus (Fig.
4.3). Four species of dik-dik (M. kirkii, M. saltiana, M. piacentinii, and M. guentheri) are
common in Somalia today (Kingdon, 1982, 2004). However, due to size overlap identification
beyond genus could not be made based on skeletal measurements from the archaeological
assemblage.
The range of small carnivore taxa at Guli Waabayo is also notable. Although they comprise only
4.7% (NISP 98/2,103) of all identified small mammal bones, most other Middle and Later Stone
Age sites from Africa report no small carnivores. Those that do report them in very low
frequencies (e.g. Assefa 2006; Gautier and Van Neer 1989; Prendergast 2010; Plug 2004).
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Table 4.2 Guli Waabayo small mammals (<20 kg); presented as NISP (MNI). Reproduced from Jones
and Brandt (in prep.).
Weight

<10 kg

10-20 kg

Taxon
Chiroptera
Primates
Canis spp.
cf. Otocyon megalotis
Canidae
cf. Ictonyx striatus
cf. Genetta genetta
Viverridae
cf. Ichneumia albicauda
cf. Herpestes ichneumon
cf. Herpestes sanguineus
cf. Mungos mungo
Helogale spp.
Herpestidae
cf. Felis sylvestris
Carnivora
cf. Procavia capensis
Madoqua spp.
cf. Heterocephalus glaber
Gerbillinae
Murinae
Xerus spp.
Rodentia
Lepus spp.
Mammalia
cf. Proteles cristatus
Felidae
Carnivora
cf. Ourebia ourebi
cf. Sylvicapra grimmia
Bovidae
cf. Manis temminckii
cf. Hystrix cristata
Mammalia
TOTAL

Common Name
Bats
Primates <10 kg
Jackals
Bat-eared fox
Canids <10 kg
Striped polecat
Common genet
Civets and genets
White-tailed mongoose
Egyptian mongoose
Slender mongoose
Banded mongoose
Dwarf mongooses
Mongooses
Wildcat
Carnivores <10 kg
Rock hyrax
Dik-dik
Naked mole-rat
Gerbils
Rats and mice
Ground squirrels
Rodents
Hares
Mammals <10 kg
Aardwolf
Cats 10-20 kg
Carnivores 10-20 kg
Oribi
Bush duiker
Bovids 10-20 kg
Ground pangolin
Crested porcupine
Mammals 10-20 kg
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LSU 2
3 (1)
0 (-)
4 (1)
3 (1)
1 (-)
1 (1)
0 (-)
3 (1)
3 (1)
1 (1)
0 (-)
0 (-)
5 (2)
6 (-)
1 (1)
8 (-)
160 (14)
668 (18)
1 (1)
6 (2)
0 (-)
1 (1)
96 (-)
149 (8)
358 (-)
0 (-)
3 (1)
10 (-)
9 (2)
2 (1)
74 (1)
1 (1)
1 (1)
83 (-)
1661 (61)

LSU 1
1 (1)
1 (1)
1 (1)
0 (-)
1 (-)
1 (1)
1 (1)
1 (-)
1 (1)
0 (-)
2 (1)
1 (1)
9 (2)
5 (1)
0 (-)
8 (-)
75 (9)
463 (22)
2 (1)
8 (2)
1 (1)
3 (2)
21 (-)
41 (4)
413 (-)
0 (-)
3 (1)
5 (-)
0 (-)
0 (-)
19 (2)
0 (-)
4 (1)
38 (-)
1129 (55)

S9W17
0 (-)
0 (-)
0 (-)
0 (-)
1 (1)
0 (-)
1 (1)
0 (-)
0 (-)
0 (-)
0 (-)
0 (-)
2 (1)
0 (-)
0 (-)
3 (-)
18 (5)
132 (6)
0 (-)
1 (1)
1 (1)
1 (1)
10 (-)
19 (2)
90 (-)
1 (1)
0 (-)
2 (-)
0 (-)
2 (1)
11 (-)
0 (-)
0 (-)
11 (-)
306 (21)

TOTAL
4 (2)
1 (1)
5 (2)
3 (1)
3 (1)
2 (2)
2 (2)
4 (1)
4 (2)
1 (1)
2 (1)
1 (1)
16 (5)
11 (1)
1 (1)
19 (-)
253 (28)
1263 (46)
3 (2)
15 (5)
2 (2)
5 (4)
127 (-)
209 (14)
861 (-)
1 (1)
6 (2)
17 (-)
9 (2)
4 (1)
104 (3)
1 (1)
5 (2)
132 (-)
3096 (137)

Figure 4.3 Morphometric comparison of dwarf antelope first phalanges – GL (maximum length in mm) / Dp
(proximal depth in mm). Measurements follow von den Driesch (1979, pp. 96-97). Modern Madoqua and Neotragus
specimens were curated at the Field Museum in Chicago, Illinois.

4.4.1 Continuity and Change at Guli Waabayo
Only minor changes in the composition of small mammals are observed throughout the long
sequence at Guli Waabayo (Fig. 4.4). Dik-dik comprise just over half of the identifiable small
mammal assemblage in LSU 2 (54.8%, NISP 668/1,220), which grows to over two thirds in LSU
1 (68.3%, NISP 463/678) (Jones et al. in prep.). The proportion of small carnivore (<20 kg)
bones remains relatively high throughout the sequence and increase slightly from LSU 2 (4.0%,
NISP 49/1,220) to LSU 1 (5.8%, NISP 39/678). All other identified small mammal taxa decrease
in frequency through time.
Similarly, little change was observed in dik-dik mortality profiles at Guli Waabayo through time,
as seen in Fig. 4.5. Roughly half of the dik-dik specimens from LSU 2 (44.2%, MNI 23/52) are
estimated to be of Adult age. The same is true for LSU 1 (43.3%, MNI 13/30). A small
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difference exists, however, between specimens identified as very old and very young between
units. Old individuals comprise 19.2% (MNI 10/52) of the LSU 2 assemblage. This number
increases to 30% (MNI 9/30) in LSU 1. The reverse is true for Juveniles, which make up 17.3%
(MNI 9/59) of LSU 2 and only 7.0% (MNI 2/30) of LSU 1.

Figure 4.4 Small mammal frequencies from Guli Waabayo.
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Figure 4.5 Dik-dik mortality profiles from Guli Waabayo.

4.4.2 Dik-dik (Madoqua)
The high prevalence of dik-dik bones at Guli Waabayo is unique among African sites (Jones and
Brandt in prep.). However, faunal evidence indicates that people hunted dik-dik in small
quantities in the Middle Stone Age through the Late Holocene in northern and eastern Africa
(Busolo 2007; Grillo and Hildebrand 2013; Lane et al. 2007; Marean 1992a, 1992b; Mutundu
1999; Osypińska and Osypiński 2016). Evidence for a heavy reliance on dik-dik during the Early
Holocene is documented in only one other published study at the Rifle Range Site not far from
Guli Waabayo in southern Somalia (Jones et al. 2018), but the fauna from Guli Waabayo
represents the largest assemblage of archaeological dik-dik bones ever documented in Africa.
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This allows for a more detailed look at dik-dik hunting methods in the past than previously
possible. Insights from ethnographic data on dik-dik hunting allow interpretation of prehistoric
dik-dik hunting strategies at Guli Waabayo.
Dik-dik Hunting: Dik-dik hunting is not well-documented, but a few sources from the Horn of
Africa mention net-hunting as an easy and efficient way to capture solitary, territorial dik-dik
and other small antelope (Clark 1953; Noss 1997). Ethnohistoric data from the Buur Heybe
region provides useful interpretive perspectives regarding locally-specific relationships between
the Buur Heybe terrain and ecology and forager approaches to hunting dik-dik.
Eyle Giaffei Dik-dik Hunters: At Buur Heybe, the Sultan’s Village and one or two smaller
settlements are home to the Eyle (or Eile) people (Clark 1953, pp. 49). The name “Eyle” means
“people with dogs” and refers to their use of dogs for hunting, which is unique in southern
Somalia (Abdullahi 2001, pp. 11). Today, many Eyle people live in settled villages where they
grow millet and keep camels, sheep and goat. Foraging is also common, however, and Hitchcock
(1999, pp. 180) notes that many Eyle trade wild resources with neighboring communities for
milk, pottery, and other commodities (Hitchcock 1999, pp. 180). In the 1940s, J.D. Clark (1953,
pp. 49) identified a sub-group, or association, of Eyle foragers known as the Eyle Giaffei who
exclusively hunted dik-dik using communal net-drives.
According to Clark, the Eyle Giaffei moved frequently throughout the Buur Region, living in
temporary camps of eight or nine huts that were set up in a semi-circle often around small trees
or bushes. During the day, women, children, and some dogs remained at camp to protect the dikdik meat and skins left to dry on nearby bushes. The men spent most days away from camp
hunting. They carried large, five-meter-long nets strung between two-meter-long poles. When
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they encountered dik-dik, the hunters set up several nets in a wide semi-circle into which the
men and their hunting dogs drove the game before dispatching them with arrows.
Lewis (1955) also makes brief mention of similar group net-hunting techniques used to target
dik-dik among the Hober, Iantar, and Helai groups of southern and central Somalia (Lewis 1955,
pp. 75). These accounts, as well as other ethnographic examples of small mammal hunting in
Africa and elsewhere, provide information linking dik-dik hunting, climate, and forager social
and economic systems that can be examined with faunal data from Guli Waabayo.

4.5 Discussion
Faunal data reveal that hunters targeted a wide range of small mammals throughout Guli
Waabayo’s ~20,000-year occupation, but small differences in the extent of reliance on small
mammals were detected. During the hyper-arid MIS 2 in eastern Africa ~29-11.7 kya, foragers
exploited a diversity of mammalian taxa local to the Buur Heybe inselberg including small
carnivores and dik-dik antelope. Dik-dik were the most common species targeted and all age
classes of dik-dik were captured with an emphasis on prime-aged adults. Interestingly, this focus
on small mammal hunting with taxonomic patterns and dik-dik age profiles indicative of
trapping, snaring, and communal net-hunting was maintained with climatic amelioration and
increased rainfall in the Early Holocene ~11.7-5 kya.
The consistency of small mammal hunting strategies through wet and dry periods at Guli
Waabayo revealed in taxonomic frequencies and age profiles was unexpected and suggests that
people maintained a consistent approach to hunting centered on taxa local to the Buur Heybe
inselberg during both the terminal Pleistocene and Holocene. Given this focus on inselberg
animals, archaeological and ethnographic data on forager small mammal hunting suggests that
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decisions to hunt small mammals throughout the history of occupation at the Guli Waabayo rock
shelter were likely based on hunting opportunities as well as the social practices of a relatively
territorial group. Faunal evidence for particular hunting techniques practiced at the site, such as
trapping/snaring or group net-drives may signal changing forager social and economic behaviors
over time. I discuss these issues here, focusing on mammals weighing <20 kg, which allows me
to link data from Guli Waabayo to known hunting methods used by historic foragers in Africa
and elsewhere.

4.5.1 Hunting Methods at Buur Heybe
The wide range of small mammalian taxa identified at Guli Waabayo suggests hunters
maintained a diverse set of hunting methods throughout the site’s occupation. The use of traps,
snares, and nets are highlighted in this study. Dik-dik mortality data from the site do not indicate
intensive individual pursuit hunting, which would lead to greater percentages of young animals
in the assemblages. However, it is likely that this strategy was incorporated to a lesser degree
into the hunting strategies of people at the site.
Trapping and Snaring: Compared to many other Late Pleistocene and Holocene sites in eastern
Africa, the faunal assemblage from Guli Waabayo contains a relatively high frequency of small
carnivores (4.7% of small mammals). These include jackal, bat-eared fox, striped polecat,
mongoose, genet, and aardwolf. In the African archaeological record, small mammals are less
common at sites than larger taxa and small carnivores often occur in particularly low
frequencies, if at all. Among Hadza hunters, snares and traps are practically nonexistent
(Marlowe 2010). However, it is striking that many of these animals are hunted by San and Congo
forest hunters today using snares (Lee and Yellen 1976; Lupo and Schmitt 2002). The abundance
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and diversity of small carnivores throughout the sequence at Guli Waabayo also suggest foragers
incorporated traps and snares into their subsistence strategy over the last ~26,000 years.
Group net-hunting: Alternatively, the abundance and ubiquity of dik-dik bones throughout the
sequence at Guli Waabayo suggest a taxonomically focused hunting strategy with age at death
distributions most similar to those observed from Congo Basin communal net-drives that capture
community-wide mortality profiles. The dik-dik from both dry and wet periods at Guli Waabayo
are dominated by adults (43%) but with Old, Old Juvenile, and Juvenile animals well represented
(7% to 30%). Considering ethnographic data from hunters in Africa, Australia, and North
America, the abundance of dik-dik bones and age distributions throughout the sequence at Guli
Waabayo are most consistent with specialized dik-dik net-drives.
Whereas trapping and snaring are individual activities that target one animal at a time (except for
fish weirs), many net-hunts are communal and capable of obtaining numerous animals in a single
event (Lupo and Schmitt 2005; Satterthwait 1987). Famously, in the 1930s, Steward (1938)
observed jack rabbit net-drives among Shoshone communities in the Great Basin of North
America. Archaeologists have since used communal net-hunts to explain high frequencies of
jack rabbits at sites in other parts of the western United States (Fisher and Johnson 2014; Rood
2018; Schmidt 1999; Schmitt et al. 2004). Instances of aboriginal net-hunting for catching a
variety of birds, fishes, and terrestrial and marine mammals are also noted throughout the
ethnographic literature of Australia (Satterthwait 1986, 1987). One of the more popular forms of
net-hunting is the drive, as discussed for dik-dik, which involves a line or semi-circle of nets
measuring up to 4 m tall and 90 m wide, depending on the size of the species targeted. Once set,
all animals within a specified area are driven into the wall of nets where they are dispatched,
usually with arrows or clubs. A large amount of food can be collected during a single net-drive,
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but the difficulty involved in predicting the location of game at a given time means many such
hunts are unsuccessful (Lupo and Schmitt 2005). This is perhaps one reason why net-use among
ethnographic hunters is rare compared to other techniques such as trapping, snaring, or bow and
arrow hunting.

4.5.2 Hunting Decisions at Buur Heybe
Nets, in particular, involve labor costs that are front loaded and require a greater investment in
construction, maintenance, and planning than many other hunting methods. In the Congo Basin,
Lupo and Schmitt (2002) note that it could take Bofi hunters 2-4 months to acquire and produce
enough plant fiber for a net and another 3-5 days to actually make the net itself. Once produced,
net-hunters have to plan hunting trips as a group and co-ordinate their actions in order to be
successful. Lupo and Schmitt (2002) also observe that nets require constant maintenance to keep
in good working order. Among Australian Aboriginal groups, Satterthwait (1986) describes a
great diversity of plant and animal materials used to produce nets, including various plant fibers,
sinew, and hair. He argues that plant materials are particularly labor-intensive to produce and can
involve soaking in water, carding, drying, peeling stripping, scraping, chewing, teasing and
sometimes burying or baking the fibers before spinning them into string or rope and stitching the
nets. However, once produced, the nets are very sturdy and will last hunters a long time.
Making and using traps and snares, on the other hand is an individual activity that requires low
time and energy investment. They are relatively quick and easy to make and set and have low to
non-existent labor costs during the hunt itself, which can free up time for foragers to engage in
other subsistence-related activities (Lupo and Schmitt 2005; Wadley 2010; Wynn and Coolidge
2008). In many cases traps and snares are used in conjunction with other hunting techniques and
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thereby broaden the scope of exploitable resources (Lupo and Schmitt 2005; Lee and Yellen
1976).
Evidence of the exceptionally long-term use of these technologies at Guli Waabayo suggests a
commitment to the diverse small mammals local to the Buur Heybe inselberg between ~26-6
kya. The choice to target small, local mammals found nearby the Guli Waabayo rock shelter over
a prolonged period of well-documented climatic fluctuations suggests that the factors influencing
hunters’ decision-making changed as aridity gave way to more humid conditions ~11.7 kya.
There is no evidence for increasing settlement densities through time in the region, but rainfall
must have had a significant effect on the distribution of migratory ungulates. As Jones and
Brandt (in prep.) argue, a predominance of lower-ranked prey taxa (birds, reptiles, amphibians,
fish, and small mammals) at Guli Waabayo suggests a cost-efficient choice by hunters to target
the most abundant and easily captured prey species during a period of hyper-aridity in northern
and eastern Africa. Conversely, with increased rainfall during the Holocene humid period ~11.75 kya, a cost-efficiency rationale for targeting small animals loses traction.
During the later occupations at Guli Waabayo, when rainfall was higher and less seasonal in the
region (Reid et al 2018), the pressure to reduce risk and maximize efficiency likely decreased.
Rather than adjust their hunting strategy to focus on classically higher-ranked game, however,
hunters at Guli Waabayo doubled down on small mammals. An increased emphasis on small
mammals, particularly dik-dik, using nets, traps, and snares does not correspond with
archaeological evidence for increased population densities or interactions with other groups. As a
result, it is possible that interests beyond the simple availability of game influenced hunters’
decision-making during this period. Ethnographic examples from central Africa, North America,
and Australia support this notion.
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In the well-watered Congo Basin of central Africa, Aka, Mbuti, and Bofi foragers regularly hunt
small mammals (Ichikawa 1983; Fa et al. 2015; Noss 1997; Yasuoka 2014), but Lupo and
Schmitt (2002, 2005) estimate that their regular use of nets to hunt is less efficient than other
available methods. To explain this, they suggest that communal net-hunting practices promote
group cohesion and food sharing. It is possible that social factors such as cooperation were also
taken into consideration by Guli Waabayo hunters during the Holocene.
Given the spatial restrictions of the inselberg environment at Buur Heybe, community-centered
behaviors including communal net-hunts, and short-term food surpluses may have eased tensions
between people living in close proximity with one another. It is also possible that a growing
emphasis on large-scale net-drives at this time relates to changing internal social dynamics and
political systems and a growing sense of territoriality at Buur Heybe when rainfall was more
abundant and evenly distributed throughout the year ~11.7-5 kya.
In parts of Australia and western North America scholars have suggested that surplus meat from
large-scale net-drives encouraged the establishment of leadership roles and, in some cases,
hierarchical political structures among historic forager groups (Satterthwait 1987; Schmidt 1999;
Steward 1938). This can be seen in relationships postulated between large-scale net-hunts and
the rise of “big men” among Australian foragers (Satterthwait 1987) and rabbit drives in the
western United States associated with feasting rituals and temporary leaders (Beaglehole 1936;
Parsons 1918; Steward 1938; White 1932). By using nets to hunt dik-dik, hunters at Guli
Waabayo opened up the possibility for resource surpluses and perhaps new social and political
structures in the Buur Heybe region. Evidence from related sites in the Buur Region of Somalia
suggest that decreased mobility and territorial behaviors also coincide with wetter conditions in
the Holocene.
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Faunal density and taxonomic data from the nearby Rifle Range Site at Buur Hakaba (~35 km
SW of Buur Heybe) suggests foragers decreased their mobility and intensified their reliance on
inselberg resources as rainfall increased in the Early Holocene (Jones et al. 2017). Burials at the
site of Gogoshiis Qabe just ~200 m SW of Guli Waabayo at the Buur Heybe inselberg are
consistent with emergent ideas of territoriality at Buur Heybe ~9 kya (Brandt 1988). Evidence
for specialized dik-dik hunting strategies at Guli Waabayo, presented here, indicates that
changing social and political structures linked to a less mobile lifestyle associated with ideas of
territory and ownership may have coalesced among hunter-gatherer groups in southern Somalia
after ~11.7 kya.
Future research on the human skeletons and lithic assemblages from Guli Waabayo and
Gogoshiis Qabe and fauna from Gogoshiis Qabe will allow further examination of these
propositions and help to clarify relationships among dik-dik hunting, climate change, and social
systems at the Buur Heybe inselberg during the terminal Pleistocene and Holocene.
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Chapter 5: New Radiometric and Faunal
Evidence from Namundiri A, Eastern
Uganda Suggests Kansyore Foragers
Abandoned the Shores of Lake Victoria
~5.6-4.4 kya
Mica B. Jones and Ruth Tibesasa
Abstract: Complex hunter-gatherers are rare in Africa, generally, but well known at Holocene
Kansyore sites in the Lake Victoria Basin of East Africa. The Kansyore archaeological record is
distinguished by some of the earliest ceramics in Africa and a distinctive approach to land and
resource use that involved specialized fishing and diversified hunting strategies in the region’s
productive lakeshore and riverine habitats. Kansyore sites span ~7,000 years, which can be
divided into two phases: Early (~8.5-7 kya) and Late (~4.4-1.5 kya). The Early Phase
corresponds with a particularly wet period in the Early Holocene. Late Kansyore sites, on the
other hand, are associated with less abundant, more seasonal precipitation. Increasingly
specialized fishing and a greater investment in pottery production and use differentiate the Late
Phase from earlier periods. However, a ~2,600-year gap in the Kansyore chronology limits
explanations of when and why changes occurred through time. This study presents new
radiometric and faunal data from a recently excavated shell midden site in eastern Uganda,
Namundiri A, to examine chronological questions regarding Kansyore land and resource use
through time. Dates of ~6.5-5.6 kya indicate that the site was occupied during this missing
‘middle’ Kansyore period. Faunal data show similarities to earlier Kansyore sites that
emphasized fishing in muddy habitats along the banks of Lake Victoria with a secondary
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emphasis on diverse forest, grassland, and shoreline-adapted mammals. Comparisons of the dates
and fauna from Namundiri A with other Kansyore sites in western Kenya suggest that people
shifted from a more diverse system of lake and river use to a greater emphasis on riverine fishing
in the Late Phase. This coincides with a particularly arid period ~5-4 kya, suggesting that
Kansyore behavioral changes occurred relatively late and in response to changing mid-Holocene
climatic conditions. The arrival of early herders and agriculturalists to the region after ~3 kya,
however, may have also played a role in changing Kansyore landscape and resource use at this
time.

5.1 Introduction
Kansyore ceramic-using foragers of the Lake Victoria Basin in East Africa are one of the few
well-known examples of ‘complex’ hunter-gatherers in Africa (Dale et al. 2004). Highly mobile,
immediate-return hunter-gatherers are widely distributed in the archaeological record of most
regions, including East Africa as at Lukenya (Kusimba 2001) or Eburran sites (Ambrose 1998).
Scholars argue that technological elaboration and ownership of resources are signals of
complexity at Kansyore sites (Dale 2007; Dale et al. 2004), which are characterized by extensive
production and use of decorated ceramics, repeated site occupation, intensive fishing, and
diverse hunting strategies (Robertshaw et al. 1983; Robertshaw 1991). Current evidence suggests
that the unique forager lifestyle associated with Kansyore materials first developed out of a local
aceramic tradition during a humid period in East Africa ~8.5 kya and was maintained through the
Holocene until ~1.5 kya (Dale 2007; Dale and Ashley 2010). From the perspective of ceramic
indicators of identity, Dale and Ashley (2010) point to marked shifts in ceramic attributes
between the Early Kansyore Phase (~8.5-7 kya) and the Late Kansyore Phase (~4.4-1.5 kya).
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Few sites are known from the notable gap ~7-4.4 kya, which corresponds with the onset of arid
conditions in East Africa ~5 kya. Evidence from later sites, indicates that hunter-gatherers at
Kansyore sites continued to focus on fishing, but adjusted their behaviors as rainfall decreased in
the mid- and Late Holocene. In the later period, increasingly specialized fishing strategies
became more common, which may have involved involved new technologies such as weirs and
nets associated with complex hunter-gatherers (Dale 2007; Dale et al. 2004). Kansyore huntergatherers also shared parts of their broader landscape with early herders (Frahm et al. 2017;
Prendergast 2010Robertshaw 1991) and Early Iron Age farmers (Lane et al. 2006, 2007) by ~3-2
kya. It is clear that relationships between Late Kansyore foragers and food producers were
varied, but relatively little is known about their interactions. In some cases, Kansyore cultural
levels at multicomponent sites like Gogo Falls and Wadh Lang’o are overlain by Elmenteitan
pastoral sites (Karega-Munene 2002; Prendergast 2010; Robertshaw 1991). At other Late Phase
sites like Siror, there is no evidence of food producers. Research to date has clarified social,
material and subsistence characteristics of the Kansyore archaeological entity as a whole.
However, important questions remain regarding the gap in the sequence, the ways people
adapted distinctive fishing and hunting strategies to climatic fluctuations as the Holocene humid
phase transitioned to more arid conditions ~5 kya, and how Late Kansyore social relationships,
economy, and land-use changed through time.
Faunal analyses at both Early and Late Kansyore sites indicate heavy fish-use with a secondary
emphasis on a diverse range of terrestrial and amphibious mammals, reptiles, and birds (Gifford
in Robertshaw et al. 1983; Marshall and Cain in Dale 2007, pp. 141-147; Prendergast 2010;
Prendergast and Lane 2010; Stewart 1991). However, archaeologists document differences in
fish taxa at lakeshore versus river rapids sites, which may indicate changing fishing and mobility
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strategies through time. Evidence from Pundo suggests that Early Kansyore foragers captured
estivating lungfish (Protopterus aethiopicus) in the swampy fringes of Lake during the dry
season (Prendergast and Lane 2010). In contrast, an emphasis on carp and barbels (Cyprinidae)
at a Late phase site, Wadh Lang’o, is best explained by wet season fishing near rapids during the
annual spawn (Prendergast 2010). Following Gifford (in Robertshaw et al. 1983) and Stewart
(1991), Prendergast and Lane (2010; Prendergast 2010) argue that Late Kansyore foragers
moved between the lakeshore and rivers to exploit lungfish and carp at different times of the
year. In doing so, they argue, people sustained a steady food supply during a period when rainfall
was becoming more seasonal and less frequent in the northeastern Lake Victoria Basin ~5-4 kya.
A scarcity of radiocarbon dates from sites, however, constrains interpretations of changing
mobility and subsistence strategies at this time. Contemporary riverine and lakeside faunal
assemblages required to test the Late Kansyore seasonal mobility hypothesis are sparse.
Furthermore, the gap in the chronology from ~7-4.4 kya raises questions about the timing and
nature of behavioral differences between Early and Late Phases.
New data from a recently excavated site in eastern Uganda, Namundiri A (Fig. 5.1), allows us to
address issues of discontinuity in the archaeological record and to examine evidence of changing
Kansyore subsistence strategies through time and space. We present four new dates and faunal
data from the site. These findings provide a rare data-point for understanding Kansyore
occupation in the northeastern Lake Victoria Basin during the missing ‘middle’ Kansyore period.
By comparing data from Namundiri A to other Kansyore sites in western Kenya, this study
examines the nature of lakeshore versus river rapids site-use through time and its relationship to
Kansyore responses to climatic changes and the appearance of food producers in the Lake
Victoria Basin during the mid-Holocene.
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Figure 5.1 Map of the northeastern Lake Victoria Basin with sites mentioned in the text.

5.2 Kansyore Occupation and Climatic Shifts in the
Northeastern Lake Victoria Basin
Lake Victoria is the largest tropical lake in the world, covering 69,485 km2 (Saundry and WWF
2012). Its catchment, known as the Lake Victoria Basin, spans ~190,000 km2 between the
western Great Rift Valley and the eastern Albertine Rift of East Africa. The northeastern portion
of the basin encompasses parts of eastern Uganda and western Kenya. Most archaeological
studies of Kansyore foragers have concentrated on sites in western Kenya (Table 5.1). Here, we
discuss background information on the distribution and chronology of Kansyore sites and
Holocene climate conditions.
Radiocarbon dates for Kansyore sequences are sparse, in part because charcoal was not always
recovered. Most sites in western Kenya were excavated in the 1980s and 90s when systematic
investment in radiocarbon sequences was not prioritized. Since then, dam construction on rivers
draining into Lake Victoria has threatened or destroyed many sites. Potential issues (e.g. soil
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carbonate contamination, reservoir effects; Phillipsen 2013) with bone appetite, shell, and bulk
dates from the 1980’s as well as the potential for mixing due to bioturbation in long sequences
(e.g. Gogo Falls) has led to chronological uncertainty at many Kansyore sites (Robertshaw 1991;
Robertshaw and Collett 1983). Nevertheless, lake sites generally date earlier than inland sites.
Archaeologists identify Early Kansyore dates at shell midden sites along the lakeshore including
Luanda, Kanam, Kanjera West, and Pundo (Prendergast and Lane 2010; Robertshaw et al. 1983).
Late Phase dates are more common at large, open-air sites near inland river rapids including
Siror, Gogo Falls, and Wadh Lang’o (Dale 2007; Karega-Munene 2002; Lane et al. 2006;
Prendergast 2008; Robertshaw 1991). Usenge 3 is the only lakeshore site attributed to the Late
Kansyore (Dale and Ashley 2010). Siror and Gogo Falls preserve both Early and Late Kansyore
dates sequenced laterally at Siror and vertically at Gogo Falls. Late Kansyore levels are overlain
by Elmenteitan pastoral and subsequent Iron Age levels at Gogo Falls (Kerega-Munene 2002;
Robertshaw 1991) and Wadh Lang'o (Prendergast 2010). The latest Kansyore occupations at
Usenge 3 also suggest interaction and cultural exchange with Early Iron Age (Urewe)
agriculturalists ~1.5 kya (Dale and Ashley 2010).
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Table 5.1 Summary of dated Kansyore sites in the northern Lake Victoria Basin (adapted from
Prendergast and Lane 2010). All C14 dates calibrated using OxCal 4.3 (Bronk Ramsey 2009) on the
IntCal13 curve (Reimer et al. 2013). BA=bone apatite; BT=burnt tooth; EA=enamel apatite; OH=obsidian
hydration; SC=seed charcoal; SH=Shell; WC=wood charcoal. *White Rock Point and Usenge 3 discussed
in Section F; **Early and Late deposits are sequenced laterally at Siror and vertically at Gogo Falls.
Site
Luanda

Location
Lake

Phase(s)
Early

Kanam
Pundo

Lake
Lake

Early
Early

Kanjera West
*White Rock Point
*Usenge 3

Lake
Lake
Lake

Early
Late

**Siror

River

Early

Late
**Gogo Falls

River

Early
Late

Wadh Lang’o

River

Late

Material
BA (AMS C14)
SH (C14)
EA (AMS C14)
WC (AMS C14)
WC (AMS C14)
WC (AMS C14)
BA (C14)
BA (C14)
WC (AMS C14)
WC (AMS C14)
WC (AMS C14)
SC (AMS C14)
SC (AMS C14)
SC (AMS C14)
WC (AMS C14)
SC (AMS C14)
WC (AMS C14)
SC (AMS C14
BT (AMS C14)
BA (C14)
WC (AMS C14)
OH
WC (AMS C14
WC (C14)
OH
OH
OH
WC (AMS C14)
WC (AMS C14)
WC (AMS C14)
WC (AMS C14
WC (AMS C14)
WC (AMS C14)

Age (cal BP)
9770-8539
7732-7459
8264-8152
7935-7735
7934-7690
7844-7597
7415-6007
5288-3835
3636-3452
3638-3272
1541-1367
8587-8434
8333-8176
7419-7270
7418-7250
7245-6976
3166-2945
3156-2894
9415-7279
7156-6280
3965-3570
3728-3498
3563-3223
3448-2945
2811-2423
2539-2409
2161-2031
2151-1829
2150-1812
4407-4156
4244-3991
4228-3982
1995-1881

Reference
Robertshaw et al. 1983
Robertshaw et al. 1983
Chritz et al. 2019
Lane et al. 2006
Lane et al. 2006
Lane et al. 2006
Robertshaw et al. 1983
Robertshaw et al. 1983
Lane et al. 2006
Lane et al. 2006
Lane et al. 2006
Dale 2007
Dale 2007
Dale 2007
Dale 2007
Dale 2007
Dale 2007
Dale 2007
Gowlett et al. 1987
Robertshaw 1991
Karege-Munene 2002
Robertshaw 1991
Karege-Munene 2002
Robertshaw 1991
Robertshaw 1991
Robertshaw 1991
Robertshaw 1991
Karege-Munene 2002
Karege-Munene 2002
Prendergast 2008
Prendergast 2008
Prendergast 2008
Lane et al. 2006

5.2.1 Holocene Rainfall and Environment
The Lake Victoria Basin today receives ~1200-1600 mm of rainfall per year with peaks during
two wet seasons: the long rains from March-May and the short rains from November-December
(Nicholson 1996; 1998; Sene and Plinston 1994). However, fluctuations in the amount and
distribution of rainfall in the Lake Victoria Basin during the Early and mid-Holocene are well
documented and follow broad patterns observed regionally.
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Lake Victoria is a shallow lake that scholars argue dried out completely at particularly dry points
~18-14 kya (Beverly et al. 2019). Following terminal Pleistocene aridity, researchers document
increased rainfall across northern and eastern Africa in the Early Holocene beginning ~12 kya
with a return to more arid conditions ~5 kya (Garcin et al. 2012; Liu et al 2017; Thompson et al.
2002). In the Lake Victoria Basin, mid-Holocene aridity occurred gradually and was
characterized by increased rainfall seasonality (Beuning et al. 1997; Johnson et al. 2000; Stager
and Johnson 2000; Talbot and Lærdal 2000). However, when the mid-Holocene transition from
wet to dry occurred varied across Lake Victoria (Stager and Johnson 2000).
Terrestrial leaf waxes preserved in a northern Lake Victoria core indicate a period of gradual
drying ~9-4 kya (Berke et al. 2012). Stager et al. (1997; 2003) also document increasingly
bimodal rainfall between ~8-5 kya in diatom records from Pilkington Bay and the Damba
Channel in Uganda. Scholars suggest that rainfall levels in East Africa reached a low point ~5-4
kya (Gracin et al. 2012; Liu et al 2017; Thompson et al. 2002). This coincides with a gap in the
archaeological record of hunter-gatherers across East Africa (Ambrose 1998). Water level
information for Lake Victoria is not available for this time period, but since Lake Victoria is
relatively shallow and fluctuations in its levels are largely dictated by annual rainfall currently
(Sene and Plinston, 1994), we assume that mid-Holocene lake levels were somewhat lower than
today.
As aridity and seasonality peaked ~5-4 kya, fossil pollen records and d13C in leaf waxes indicate
that the northern Lake Victoria Basin transitioned from a landscape dominated by trees and
shrubs (Moraceae) to grasses (Poaceae) (Berke et al. 2012; Kendall 1969). Tryon et al. (2016)
also argue that the lakeshore transitioned from more wooded environments to grasslands during
arid periods in the terminal Pleistocene ~17-16 kya. Data about changing Holocene and terminal
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Pleistocene aquatic and swamp environments along the lakeshore are unavailable, but it is
possible that alterations in shoreline biota also occurred with mid-Holocene aridity. Aridity and
bimodal rainfall~5-4 kya, which resulted in a reorganization of terrestrial plant life in the
northeastern Lake Victoria Basin, fits chronologically with arguments for changes in Late
Kansyore foragers seasonal movements and increased riverine fishing during the spawning
season (Prendergast 2010; Prendergast and Lane 2010; Stewart 1991).

5.3 Results
Namundiri A is located ~4.5 km from the border with Kenya in the modern village of Namundiri
A, Busia District, eastern Uganda. The site is situated ~50 m from dense papyrus swamps that
extend into Lake Victoria (Fig. 5.2). At an elevation of ~1,145 m above sea level, the landscape
surrounding the site slopes gradually toward the lake’s edge. More detailed topographic features,
such as paleoshorelines, were difficult to discern due to the dense maize field covering the site at
the time of excavations. This also made it difficult to determine the full extent of the site.
However, shell and pottery surface materials suggest an ovular scatter covering an area ~30 m in
diameter.
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Figure 5.2 View from Namundiri A looking NW from the maize field to papyrus swamps leading into Lake
Victoria.

5.3.1 Excavations at Namundiri A
Excavations at Namundiri A were conducted in the summers of 2016 and 2018. The 2016
excavations conducted by RT consisted of a single 2x2 m trench (Trench 1) located near the
western edge of the site. This location, next to a walking path through the maize field, was
chosen for us by the landowner to limit crop destruction. Materials from the 2016 excavations
have not been fully analyzed and are curated at the Uganda Museum in Kampala.
In 2018, MJ and RT codirected re-excavations and expansion of Trench 1 in order to conduct a
fine-grained study of the stratigraphy and to collect charcoal for radiocarbon dating. Excavations
consisted of a single 2x0.5 m trench extension (Trench 1 Extension; Fig. 5.3) dug in arbitrary 10
cm levels unless depositional changes were encountered. All sediment was sieved through 5 mm
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mesh to ensure artifact recovery. Two 5 L sediment samples were collected from each
stratigraphic layer for geochemical and paleoethnobotanical analyses. Flotation was conducted in
the field. Soil and flotation samples are currently curated at the Uganda Museum. Analysis is
forthcoming.
The Namundiri A Sequence: The top ~30 cm of the sediments at Namundiri A were composed
of heavily mixed agricultural till. This was followed by ~1 m of midden-like archaeological
deposits (Fig. 5.4). Large amounts of shellfish, animal bones, and pottery were recovered from
these sediments, along with small numbers of crude, quartz lithics and lithic debris as well as a
few bone points similar to those identified by Robertshaw et al. (1983) at other shell midden
sites. The density of artifacts tapered off midway through the ~1 m of archaeological deposits
before reaching a layer of sterile, beach-like sand. A summary profile with soil descriptions is
provided in Figure 5.5.

Figure 5.3 Site map of Namundiri A.
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Figure 5.4 Trench 1 Extension SW profile.

5.4 Materials and Methods
This study uses radiometric and faunal data to investigate the occupational chronology and
associated subsistence strategies practiced at Namundiri A in eastern Uganda. We obtained AMS
radiocarbon dates from recovered charcoal samples and information related to hunting and
fishing behaviors from well-preserved archaeological animal bones.

5.4.1 Dating the Namundiri A Sequence
We recorded the precise spatial and depositional context of each charcoal specimen encountered
during excavations. Once documented, all specimens were exported to Washington University in
St. Louis for sample selection and preparation. We collected a total of 30 charcoal specimens
from the Trench 1 Extension. Since no carbonized seeds were obtained for dating, we selected
four wood charcoal samples to process for AMS radiocarbon dates. The remaining 26 samples
are curated in the Zooarchaeology Lab at Washington University in St. Louis. We selected
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samples for dating from well-defined depositional layers at Namundiri A to investigate the full
extent of occupation at the site. Samples near the boundaries of layers were preferentially
selected to examine possible changes in site-use. Once selected, samples were shipped to the
Radiocarbon Laboratory at Arizona State University for AMS radiocarbon analysis.

5.4.2 Faunal Methods
Faunal analyses at Namundiri A were conducted in the Archaeology and Osteology labs at the
National Museums of Kenya (NMK) in Nairobi to make use of their extensive comparative
collections. Identification references for African fauna were also used, including Gentry (1978),
Peters (1988, 1989), and Walker (1985). We sorted, quantified, and identified the fauna
following zooarchaeological methods used in similar studies in East Africa (Gifford 1983;
Prendergast 2010; Prendergast and Lane 2010; Stewart 1991). For this study, we focused on all
identifiable specimens that could be classified to class or lower (Gifford and Crader, 1977). The
assemblage was highly diverse, but largely dominated by fish. Mammals were the second most
common taxa identified. To maximize the analytical potential of the mammalian assemblage, we
sorted all mammal bones that could not be identified beyond class into five size categories
following Jones et al. (2018) (Table 5.2). Unidentifiable bovid bones were also sorted into size
classes. In addition to fish and mammal bones, small numbers of reptile and bird remains were
recovered from both sites. We quantified the assemblage by Number of Identifiable Specimens
(NISP) and Minimum Number of Individuals (MNI) (Klein and Cruz-Uribe, 1984, pp. 24-32;
Reitz and Wing, 1999, pp. 191-200). We used NISP measures for basic descriptions of the
assemblage and both NISP and MNI values for secondary faunal analyses.
We calculated taxonomic frequencies at Namundiri A and other Kansyore sites in western Kenya
with available faunal data attributed to Early or Late phases of occupation (Table 5.3).
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Information on Early Kansyore hunting and fishing patterns were available from Luanda,
Kanam, Kanjera West, and Pundo (Gifford in Robertshaw et al. 1983; Prendergast and Lane
2010). Wadh Lang’o was the only Late Phase site with adequate faunal data for this analysis
(Prendergast 2010). We measured fish versus non-fish taxa to examine basic subsistence
strategies at all six sites using both NISP and MNI. We also calculated the frequencies of
identified fish taxa by MNI to investigate differential patterns of fish-use between sites. We
grouped all identified fish taxa by order so that datasets from different sites were comparable.
Four main orders were identified: Lepidosireniformes (lungfishes), Siluriformes (catfishes),
Perciformes (perch-like fishes), and Cypriniformes (carps and barbels). The following formula
was used to calculate frequencies (following Reitz and Wing, 1999, pp. 200-202): Yn / Xn = ZXn,
where Xn = NISP or MNI of faunal materials attributed to subgroup X at site n; Yn = NISP or
MNI of total ID specimens at site n; Zxn = relative frequency of subgroup X at site n.
Taphonomic analyses included documentation of surface modifications of all animal bones
(excluding teeth) from the site (following Behrensmeyer, 1978). We also analyzed mammalian
body part representation to examine patterns of bone loss, following Thompson and
Henshilwood (2011).
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Table 5.2 Mammalian and bovid size classes at Namundiri A with identified mammalian taxa from other
Kansyore sites (Marshall and Cain in Dale 2007, pp. 141-147; Gifford in Robertshaw et al. 1983, pp. 3841; Prendergast 2010; Prendergast and Lane 2010).
Size class

Weight (kg)

1

0-20

2

20-60

3

60-100

4

100-500

5

>500

Early Kansyore mammals
Vervet monkey, dik-dik, small
canid, naked mole rat, fruit
bat
Grant’s gazelle, Thomson’s
gazelle, Bohor reedbuck,
porcupine
Warthog, bushpig, bushbuck,
aardvark
Giant forest hog, Uganda kob,
waterbuck, hartebeest,
wildebeest
Hippopotamus, African
buffalo, eland

Late Kansyore mammals
Vervet monkey, Colobus
monkey, civet, cane rat
Baboon, domestic Goat,
Grant’s gazelle, Thomson’s
gazelle, Bohor reedbuck
Hyaena, warthog, bushpig,
bushbuck
Giant forest hog, zebra,
waterbuck, hartebeest,
wildebeest
Hippopotamus, African
buffalo

Table 5.3 Dated Early and Late Kansyore sites with available faunal data. For this study, we focus on
sites with quantitative taxonomic data for both fish and non-fish remains (“All”).
Site
Luanda
Kanam
Pundo
Kanjera West
Usenge 3
Siror

Location
Lake
Lake
Lake
Lake
Lake
River

Gogo Falls

River

Wadh Lang’o

River

Phase
Early
Early
Early
Early
Late
Early
Late
Early
Late
Late

Faunal data
All
All
All
All
Incomplete
None
Incomplete
None
Incomplete
All

Total NISP (MNI)
2217 (330)
211 (42)
8235 (234)
454 (64)
3992 (-)
8649 (175)

References
Gifford in Robertshaw et al. 1983
Gifford in Robertshaw et al. 1983
Prendergast and Lane 2010
Gifford in Robertshaw et al. 1983
Lane et al. 2007
Marshall and Cain in Dale 2007
Karega-Munene 2002; Stewart 1991
Prendergast 2010

5.5 Results
The four AMS radiocarbon dates obtained from Namundiri A were sampled from upper and
lower portions of the sequence to examine site-use through time (Table 5.4; Fig. 5.5). Dates
suggest people occupied Namundiri A ~6.5-5.6 kya. The earliest date (6,470-6,318 cal BP) was
sampled near the boundary between the lowermost archaeological deposits at the site and sterile
sediments, suggesting a reasonable age for the earliest occupations at Namundiri A. Due to
mixing in the upper ~30 cm, we were unable to date the most recent deposits at the site.
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Table 5.4 AMS radiocarbon dates from Namundiri A; all samples run in the University of Arizona AMS
Laboratory. Dates calibrated using OxCal4.3 (Bronk Ramsey 2009) on the IntCal13 curve (Reimer et al.
2013). We used a southern hemispheric calibration curve based on reported radiocarbon dates from other
Kansyore sites in the region (see Prendergast and Lane 2010).
Lab #
X34535
X34534
X34533
X34536

Sample #
NMD-C2
NMD-C9
NMD-C21
NMD-C32

Material
Wood charcoal
Wood charcoal
Wood charcoal
Wood charcoal

14C

yr BP
5017 ± 24
5023 ± 44
5132 ± 24
5628 ± 24

Calibration
IntCal13
IntCal13
IntCal13
IntCal13

Cal. BP (95.4%)
5888—5660
5892—5661
5934—5758
6470—6318

Figure 5.5 Drawn SW profile of Trench 1 Extension with positions of dated charcoal samples; cmbs = centimeters
below surface.

5.5.1 The Fauna from Namundiri A
A total of 7,444 bones were recovered from the Trench 1 Extension at Namundiri A (Table 5.5),
of which 69.0% (NISP 5136/7444) could be identified to class or lower. Fish bones dominated
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the identifiable assemblage (86.9%, NISP 4461/5136), followed by mammals (12.5%, NISP
644/5136). Reptile and bird bones were also recovered at low frequencies (<1%).
Namundiri A preserved a diversity of non-fish taxa. The mammals from the assemblage indicate
hunting in diverse environments. Identified mammalian taxa common in forested habitats include
vervet monkeys (Chlorocebus spp.), giant forest genet (Genetta victoriae), and giant forest hog
(Hylochoerus meinertzhageni). Taxa that occupy grassland environments include African
elephant (Loxodonta africana), warthogs (Phacochoerus spp.), plains zebra (Equus quagga), and
eland (Taurotragus oryx). Common hippopotamus (Hippopotamus amphibious), waterbuck
(Kobus cf. ellipsiprymnus), and Bohor reedbuck (Redunca redunca) are known to live in wellwatered environments common along the shores of Lake Victoria. African buffalo (Syncerus
caffer caffer), bushbuck (Tragelaphus scriptus), dwarf antelopes (Neotragini), and giant pangolin
(Smutsia gigantea) were also identified, which are known to live in a variety of forest, grassland,
and lakeshore environments. Reptiles including turtles and tortoises (Testudines), Nile crocodile
(Crocodylus niloticus), monitor lizards (Varanus spp.), and snakes (Serpentes) were also found
at Namundiri A. A few bird bones were identified that could not be classified beyond Aves. No
domestic fauna was identified at the site.
Among the fish assemblage, African lungfish (Protopterus aethiopicus) were the most common
taxon identified. Cichlid (Cichlidae) and catfish (Siluriformes) bones were also present.
Identified catfish genera include walking catfishes (Clarias spp.) and bagrus catfishes (Bagrus
spp.).
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Table 5.5 Species representation at Namundiri A; presented as NISP (MNI).
General

Mammals

Reptiles

Birds

Fishes

Taxon
Chlorocebus spp.
Cercopithecidae
Primates 1
Genetta cf. victoriae
Loxodonta cf. africana
Hippopotamus cf. amphibious
Equus cf. quagga
cf. Hylochoerus meinertzhageni
Phacochoerus spp.
Suidae 3
Syncerus caffer cf. caffer
cf. Taurotragus oryx
Tragelaphus cf. scriptus
Tragelaphini
Kobus cf. ellipsiprymnus
Kobus spp.
Redunca cf. redunca
Reduncinae
Neotragini
Bovidae 1
Bovidae 2
Bovidae 3
cf. Smutsia gigantea
Mammal 1
Mammalia 2
Mammalia 3
Mammalia 4
Mammalia, indet.
Testudines
Crocodylus cf. niloticus
Varanus spp.
Serpentes
Reptilia, indet.
Aves, indet.
Protopterus cf. aethiopicus
Bagrus spp.
Clarias spp.
Siluriformes
Cichlidae
Fish, indet.
TOTAL

Common Name
Vervet monkeys
Old World monkeys
Primates <20 kg
Giant forest genet
African elephant
Common Hippopotamus
Plains zebra
Giant forest hog
Warthogs
Pigs 60-100 kg
African buffalo
Eland
Bushbuck
Spiral-horned bovines
Waterbuck
Kobs
Bohor reedbuck
Kobs and reedbucks
Dwarf antelopes
Bovids <20 kg
Bovids 20-60 kg
Bovids 60-100 kg
Giant pangolin
Mammals <20 kg
Mammals 20-60 kg
Mammals 60-100 kg
Mammals 100-500 kg
Indeterminate mammals
Turtles and tortoises
Nile crocodile
Monitor lizards
Snakes
Indeterminate reptiles
Indeterminate birds
Marbled lungfish
Bagrus catfishes
Walking catfishes
Catfishes
Cichlid fishes
Indeterminate fishes

NMD
2 (2)
2 (-)
1 (-)
2 (1)
1 (1)
7 (1)
1 (1)
4 (1)
1 (1)
2 (-)
7 (1)
3 (2)
2 (1)
3 (1)
13 (2)
1 (-)
1 (1)
1 (-)
3 (1)
2 (-)
3 (-)
5 (-)
1 (1)
2 (-)
7 (-)
5 (-)
3 (-)
559 (-)
1 (1)
2 (1)
7 (1)
7 (1)
11 (-)
3 (2)
1195 (96)
31 (10)
427 (16)
129 (-)
968 (40)
1711 (-)
5136 (186)

5.5.2 Taxonomic Frequencies
The high frequency of fish bones at Namundiri A is consistent with other Kansyore sites in
western Kenya (Fig. 5.6). Fishes make up 87.1% of the identifiable assemblage at Namundiri A
by MNI (162/186) and 86.9% by NISP (4461/5136). This is similar to Luanda (85.5%, MNI
282/330; 94.1%, NISP 2087/2217), Kanam (83.3%, MNI 35/42; 80.6%, NISP 170/211), Kanjera
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West (89.1%, MNI 57/64; 90.3%, NISP 410/454), and Pundo (96.2%, MNI 225/234; 99.0%,
NISP 8153/8235). At Wadh Lang’o, fishes are slightly less pronounced, comprising 77.1% of the
assemblage by MNI (135/175) and 69.6% by NISP (2145/3565).
Although overall patterns of fish-use are high across Kansyore sites, variation in the composition
of fish taxa is observed (Fig. 5.7). At Namundiri A, Lepidosireniformes (lungfishes) dominate
(59.3%, MNI 96/162; 43.5%, NISP 1195/2750), followed by Perciformes (perch-like fishes;
24.7%, MNI 40/162; 35.2%, NISP 968/2750) and Siluriformes (catfishes; 16.0%, MNI 26/162;
21.3%, NISP 587/2750). Lepidosireniformes are also the most common fish taxa at Kanam
(57.1%, MNI 20/35; 47.6%, NISP 81/170), followed by similar percentages of Perciformes
(25.7%, MNI 9/35; 22.9%, NISP 50/170) and Siluriformes (17.1%, MNI 6/35; 29.4%, NISP
50/170). At Luanda, Lepidosireniformes comprise 64.5% by MNI (182/282) and 55.2% by NISP
(1153/2087). Perciformes (24.8%, MNI 70/282; 19.0%, NISP 396/2087) and Siluriformes
(10.6%, MNI 30/282; 25.8%, NISP 538/2087) are less common at Luanda. At Kanjera West,
Siluriformes (43.9%, MNI 25/57; 62.4%, NISP 256/410) are more common than
Lepidosireniformes (42.1%, MNI 24/57; 24.6%, NISP 101/410) and Perciformes (14.0%, MNI
8/57; 12.9%, NISP 53/410) are the least common identified fish taxa. Perciformes (61.3%, MNI
144/235; 73.8%, NISP 842/7915) are the most common fish taxa at Pundo, followed by
Lepidosireniformes (20.9%, MNI 49/235; 15.4%, NISP 1217/7915) and Siluriformes (13.2%,
MNI 31/235; 10.7%, NISP 845/7915). Pundo is the only lakeshore site that preserved
Cypriniformes (carps and barbels) bones, which comprise 4.7% by MNI (11/235) and 0.1% by
NISP (11/7915) of the fish assemblage. At Wadh Lang’o, Cypriniformes (53.0%, MNI 166/313;
52.8%, NISP 2888/5470) are the most common taxa found. Perciformes (23.0%, MNI 72/313;
31.1%, NISP 1703/5470) are the second, followed by Siluriformes (17.3%, MNI 54/313; 13.1%,
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NISP 716/5470). Lepidosireniformes (6.7%, MNI 21/313; 3.0%, NISP 163/5470) are less
common at Wadh Lang’o.

Figure 5.6 Relative frequencies of fish and non-fish bones from Namundiri A and other Kansyore sites in western
Kenya by MNI (Gifford in Robertshaw et al. 1983, pp. 38-41; Prendergast 2010; Prendergast and Lane 2010).
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Figure 5.7 Relative frequencies of Lepidosireniformes (lungfishes), Siluriformes (catfishes), Perciformes (perch-like
fishes), and Cypriniformes (carps and related fishes) at Namundiri A and other Kansyore sites in western Kenya by
MNI (Gifford in Robertshaw et al. 1983, pp. 38-41; Prendergast 2010; Prendergast and Lane 2010).

5.5.3 Bone Weathering and Body Part Representation
The fauna from Namundiri A is generally well-preserved. The majority of the bones (89.3%,
6618/7415) exhibit stage 1 weathering (Behrensmeyer 1978): no or minor cracking on the outer
layer of bone. A smaller percentage (10.7%, 797/7415) show signs of stage 2 weathering: more
extensive cracking on the outer layer of bone. Mammalian body part representation does not
show strong indication of differential preservation at the site (Table 5.6).
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Table 5.6 Mammalian body part representation at Namundiri A, following Thompson and Henshilwood
(2011).
Element
Tooth
Cranial
Mandible
Atlas/Axis
Pelvis
Scapula
Humerus
Radius/Ulna
Femur
Tibia/Fibula
Patella/Sesamoid
Carpal/Tarsal
Metapodial
Phalanx

NISP
28
6
4
4
1
3
3
3
1
7
6
4

5.6 Discussion
The new AMS radiocarbon dates from Namundiri A indicate site-use between 6,470-6,318 cal
BP and 5,888-5,660 cal BP. Findings from Namundiri A are the first clear evidence of Kansyore
occupation between Early and Late Kansyore phases as defined by Dale (2007) and Dale and
Ashley (2010). A single date from White Rock Point (5,288-3,835 cal BP) also hints at possible
site-use at this time (Robertshaw et al. 1983) but the ~1,500-year range and concerns about the
susceptibility of bone apatite to contamination have made it difficult to interpret the site’s age
within the broader context of Kansyore occupation.
Namundiri A is the only secure data-point from the missing ‘middle’ Kansyore period, which
supports the White Rock Point date and provides a rare link between Early and Late Kansyore
behaviors in the northeast Lake Victoria basin. The dense shell midden stratigraphy and faunal
data from Namundiri A indicate a close relationship with other Early Kansyore sites and provide
evidence for continued use of the lakeshore leading up to the mid-Holocene arid period ~5-4 kya.
The faunal data provide detailed information on the subsistence strategies of people who lived at
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Namundiri A and contribute to current discussions of changing Kansyore occupation patterns in
relation to mid-Holocene climatic changes.

5.6.1 Subsistence Strategies at Namundiri A
The site’s diverse mammalian, avian, and reptilian assemblage is dominated by mammals
(95.4%, NISP 644/675). Taxonomic diversity among the mammalian assemblage suggests
hunters ~6.5-5.6 kya targeted a wide range of animals characteristic of wooded and more open
environments as well as hunting in the well-watered habitats closer to the lake’s edge including
primates, genets, elephants, hippopotamuses, zebras, wild hogs, bovids, pangolins, turtles,
crocodiles, monitor lizards, snakes, and birds. Data from Early and Late phase Kansyore sites in
the Lake Victoria region suggest similar hunting patterns throughout the Holocene (Gifford in
Robertshaw et al. 1983; Prendergast 2010; Prendergast and Lane 2010).
Fish remains make up the majority of the fauna from Namundiri A (86.9%, NISP 4461/5136).
The composition of fish taxa at the site is dominated by lungfish, which indicates lake-based
fishing strategies more akin to those described by other scholars for the Early Kansyore Phase
rather than the Late Phase. Evidence from Namundiri A, considered in the context of Early
Kansyore sites (Luanda, Kanam, and Kanjera West), suggests Kansyore foragers maintained an
intensive fishing strategy focused on lungfish in muddy habitats on the lake’s edge throughout
the Early and ‘middle’ Kansyore periods ~8.5-5.6 kya. A subsistence strategy focused on fish
and supplemented by wild non-fish game at Namundiri A is characteristic of all Kansyore sites
in the northeastern Lake Victoria Basin. However, continuation of Early Phase lake-based
fishing behaviors leading into the mid-Holocene prompts a re-evaluation of Kansyore occupation
in the northeastern Lake Victoria Basin through time.

152

5.6.2 Changing Kansyore Occupation Patterns
It has long been argued that Kansyore hunter-gatherers focused on lake-based fishing and
hunting starting ~8.5 kya. Through innovative research examining variability in fishing patterns
among Kansyore faunal assemblages, Prendergast (2010; Prendergast and Lane 2010) argues that
during the Late Kansyore Phase (~4.4-1.5 kya) people cycled between dry season lakeshore
fishing sites and wet season camps on riverine rapids. Integrated lake and riverine fishing among
Late Kansyore foragers suggest land use specialization linked to increasing hunter-gatherer
complexity in the mid- and Late Holocene. A closer examination of the Namundiri A dates in the
context of those from other Kansyore sites, however, reveals that a data gap still remains
between Late Phase riverine sites and Early Phase lakeshore sites ~5.6-4.4 kya.
Evaluation of broader patterns of land use and subsistence is hampered by patchy data. Surveys,
excavations, and faunal analyses in the region are sparse. Inland riverine sites that date to the
Kansyore gap have not been discovered and only three Kansyore river rapids sites have
undergone systematic archaeological investigation, Gogo Falls, Siror and Wadh Lang’o.
Scholars report Early Kansyore dates at two of these sites: Siror (Dale 2007) and Gogo Falls
(Karega-Munene 2002; Robertshaw 1991). Late Phase dates are almost exclusively found at
open-air sites along rivers (Dale 2007). Usenge 3 is the only lakeshore site of the seven dated
that preserves evidence of Late Kansyore site-use ~3.6- 3.3 kya (Dale and Ashley 2010; Lane et
al. 2006). Given the scarcity of Late Phase lakeshore sites, evidence for the hypothesized
contemporaneous river and lake use in the Late Kansyore period ~4.4-1.5 kya is not robust.
Evidence of Kansyore lake and river occupation ~8.5-5.6 kya, however, suggests that a seasonal
round may indeed have existed during the Early Phase of Kansyore occupation (as initially
suggested by Gifford in Robertshaw et al. 1983 and Stewart 1991). Early Kansyore faunas at
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Gogo Falls and Siror have not been studied in detail and provide a possible avenue for testing
this hypothesis.
Increased focus on rivers and away from the lake documented during the Late Kansyore phase
~4.4-1.5 kya coincides with paleoclimatic evidence for rainfall fluctuations and increasing aridity
in the region ~5-4 kya. This suggests that observed changes in Kansyore land-use may relate to
climatic and environmental reorganization in the northeastern Lake Victoria Basin during the
mid-Holocene.
Mid-Holocene Climatic Changes and Kansyore Behavior: Cores from northern Lake Victoria
indicate a period of gradual drying and increasing rainfall seasonality beginning ~9-8 kya and
ending ~5-4 kya. As aridity peaked and the lake receded beyond modern levels in the midHolocene, current data on site locations suggests that Kansyore foragers mostly left the lakeshore
and focused their occupation inland near rivers with rapids. The reasons for this are unknown,
but environmental changes and the appearance of food producers may have influenced Late
Kansyore choices to reduce lakeshore foraging.
Pollen data indicates that terrestrial environments near the lake shifted from trees and shrubs to
grasses with peak aridity and seasonal rainfall ~5-4 kya (Berke et al. 2012; Kendall 1969), which
would have reduced the abundance of forest-dwelling fauna available to Kansyore hunters at this
time. Although the effects of aridity on aquatic lakeshore environments are unknown, it is
possible that fish species such as lungfish found in lakeshore swamp environments also became
less common during the mid-Holocene. Decreased animal and fish resources would have made
the lakeshore less attractive to Kansyore foragers over time, perhaps encouraging them to leave
altogether. This interpretive scenario can be interrogated through carbon and oxygen isotopic
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analyses of fauna from Kansyore sites dating to periods before and after ~5-4 kya. Data from
such studies would provide a more detailed picture of the changing lakeshore environments on
which Kansyore hunters and fishers relied over time.
The Late Kansyore phase also overlapped with the arrival of pastoralists into western Kenya ~3
kya (Ambrose 1998). Frahm et al. (2017) provide lithic evidence that exchange networks existed
between Late Kansyore foragers in the Lake Victoria Basin and Elmenteitan pastoralists in the
Central Rift Valley of Kenya by ~2 kya. Based on the presence of caprine bones at Wadh
Lang’o, Prendergast (2010) also argues that Late Kansyore foragers were in contact and perhaps
traded with early herding groups in the region. Domestic fauna is also present at Usenge 3 (Lane
et al. 2007) and Gogo Falls (Karega-Munene 2002). Stratigraphic issues at Gogo Falls, however,
make the exact relationship between domestic fauna and Kansyore occupation at the site unclear.
Direct dates on the caprine bones from Wadh Lang’o, Usenge 3, and Gogo Falls would clarify
whether keeping domestic animals by Kansyore people was a widespread pattern in the mid- and
Late Holocene.
It could have been that increased use of inland areas and away from the lakeshore by midHolocene Kansyore foragers was influenced by interactions with pastoralist communities.
Pastoral materials overlying Kansyore levels are found primarily at sites further from the lake
(e.g. Gogo Falls and Wadh Lang’o) sometimes overlain by Early Iron Age materials, as at Wadh
Lang’o. Ceramic evidence from the only Late Phase lakeshore site, Usenge 3, also suggests that
Kansyore foragers were learning to imitate Early Iron Age Urewe pottery styles in the Late
Holocene. Lane et al. (2006) argue that Early Iron Age influences among Late Kansyore foragers
coincided with more sedentary and intensive occupation at the site than at Early Phase lakeshore
sites. Adoption of agricultural and pastoral lifeways by Late Kansyore foragers may explain their
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eventual disappearance from the archaeological record ~1.5 kya. However, further investigations
at sites like Gogo Falls, Wadh Lang’o, and Usenge 3 is needed to understand the processes by
which changing social and economic dynamics in the region influenced hunter-gatherer systems
in the northeastern Lake Victoria Basin in the mid- and Late Holocene.

5.7 Conclusion
The new dates from Namundiri A indicate occupation along the lakeshore between 6,470-5,660
cal BP. This is the first clear evidence of Kansyore occupation during a data hole in the Kansyore
chronology ~7-4.4 kya. Faunal evidence from the site demonstrates similarities with Early
Kansyore fishing strategies, which suggest that Early Phase behaviors continued longer into the
mid-Holocene than previously known. Based on the radiometric and faunal data from Namundiri
A, reconsideration of Kansyore occupation shows a pattern of lake and river use ~8.5-5.6 kya
followed by decreased use of the shoreline and a focus on inland riverine sites by ~4.4 kya. A
shift from the lake to nearby rivers coincides with evidence for increasing aridity and rainfall
seasonality in the region, which may have been influenced by terrestrial and aquatic ecosystem
reorganization. It is also possible that the arrival of herders and Early Iron Age communities into
East Africa in the mid- and Late Holocene influenced changing Late Kansyore social and
economic systems.
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Chapter 6: Discussion
Research on terminal Pleistocene and Holocene hunter-gatherer social and economic variability
in two distinct eastern African ecotones, the semi-arid Horn of Africa and the well-watered Lake
Victoria Basin (Fig. 6.1), produced a wealth of new data on these regions. Radiocarbon dates and
fauna from the Guli Waabayo rock shelter in southern Somalia and the Namundiri A shell
midden in eastern Uganda provide evidence of site-use during periods of dramatic rainfall
fluctuations in the region including the transition into the Holocene wet phase ~12 kya and a
return to aridity in the mid-Holocene ~5 kya. I discuss relationships among long-term climatic
shifts and changing forager land use and hunting and fishing strategies over time using a
comparative framework that considers commonalities and divergences between archaeological
assemblages.
To my surprise, analysis of the legacy faunal assemblage from the Guli Waabayo rock shelter
produced the longest known terminal Pleistocene/Holocene sequence in the Horn of Africa,
extending far beyond the Early Holocene. This allowed me to examine forager mobility and
subsistence systems over the last ~26,000 years at a unique inselberg environment in the semiarid plains of southern Somalia. By contrast, in the diverse, productive environments of the Lake
Victoria Basin, data from the Namundiri A shell midden in eastern Uganda provided data on
Kansyore hunter-gatherer land and resource use as aridity and rainfall seasonality increased in
the Early and mid-Holocene. Together, these datasets present a picture of forager occupation and
subsistence during transitional climatic episodes in two very different eastern African
environmental contexts.
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In the following section, I summarize the main findings from each site and compare the two case
studies to investigate similarities and differences among forager mobility and subsistence
strategies in dry versus wet environments during a period of increased rainfall in eastern Africa
~12-5 kya. I also discuss broad patterns of change through time among forager strategies in the
Somali grasslands and the Lake Victoria Basin, focusing specifically on how responses to new
rainfall regimes shaped forager social and economic systems and the role landscape played in
forager decision-making over time. I then consider what this study contributes to general
understandings of hunter-gatherer variability in tropical environments, particularly as they relate
to recent discussions about forager flexibility and resilience globally.

Figure 6.1 Map of eastern Africa showing locations of Namundiri A and Guli Waabayo (image © Google Earth
Pro).
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6.1 Prehistoric Forager Strategies in Eastern Africa
Scholars such as Binford (1980, 2001) and Woodburn (1982) linked social and economic
variability to mobility and subsistence strategies among forager groups in foundational research
that defined extremes in hunter-gatherer organization. Although much work has built on this, it
still provides a useful basis for thinking about hunter-gatherer variability in the archaeological
record. Radiocarbon dates and faunal data from Guli Waabayo and Namundiri A provide
evidence of how prehistoric people moved around the landscape and used resources. Therefore,
information related to site-use and subsistence among hunter-gatherers in the semi-arid Horn of
Africa and the Lake Victoria Basin provide a baseline for understanding the ways groups in the
past may have arranged their social and economic lives. Below, I review the main findings from
my studies of materials from Guli Waabayo and Namundiri A and discuss their implications for
forager mobility and subsistence strategies in distinct eastern African ecotones during the
Holocene wet period ~12-5 kya.

6.1.1 Guli Waabayo, Southern Somalia
One of the most significant contributions of this study was the establishment of a reliable
chronology for the terminal Pleistocene and Holocene southern Horn of Africa. Twenty-three
new radiocarbon dates were obtained from archaeological ostrich eggshell and mammalian tooth
enamel from the rock shelter. According to previous research in the region by Brandt (1986,
1988), I assumed the dates would span much of the Holocene. Although some of the dates were
Holocene in age, the site also preserved a much longer and older chronology than expected.
Radiocarbon dates from Guli Waabayo indicated a ~20,000-year occupation sequence from
26,100-25,820 cal BP to 6,440-5,920 cal BP. Fourteen dates from the site are associated with

166

Marine Isotope Stage 2 (MIS 2; ~29-11.7 kya), which was a hyper-arid period in northern and
eastern Africa. One or two dates from MIS 2 have been recovered from other sites in the region
(Jones et al. 2018; Leplongeon et al. 2017), but this was the first well-documented evidence of
arid terminal Pleistocene occupation in the Horn of Africa. As a result, the fauna from Guli
Waabayo offered a unique opportunity for examining forager subsistence strategies during a dry
period leading up to the wetter Holocene.
Bayesian modeling of the Guli Waabayo dates demonstrated two chronostratigraphic phases of
site-use, cal 30,750–25,765 BP to cal 15,125–10,640 BP and cal 11,315–8,805 BP to cal 7,420–
5,115 BP, which roughly correspond with MIS 2 and the wetter Marine Isotope Stage 1 (MIS 1;
after ~11.7 kya). Using faunal data from the site, I examined and compared hunting strategies
between these two distinct climatic episodes. I expected to find corresponding changes in forager
hunting practices between the two phases of site-use given regional differences in rainfall
between the dry MIS 2 and wet MIS 1. Once again, however, my expectations were not met.
The Guli Waabayo rock shelter is located at the foot of a large granitic inselberg known as Buur
Heybe, which provides a more abundant habitat than the semi-arid plains surrounding it. The
unique inselberg environment is home to a diverse array of small, localized animals such as dikdik (Madoqua), rock hyrax (Procavia capensis), and monitor lizards (Varanus). Larger,
migratory game like lesser kudu (Tragelaphus imberbis) and Grevy’s zebra (Equus grevyii) are
more common in the plains. Examination of the taxa preserved at the site investigated patterns of
preferential hunting in the two neighboring habitats.
Nearly 80,000 bones were recovered from Guli Waabayo. Taxa identified at the site indicated
that people hunted a variety of animals from both the semi-arid plains and the Buur Heybe
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inselberg environments. A more detailed analysis of large (>20 kg) and small (<20 kg) game
throughout the Guli Waabayo sequence, however, showed a strong emphasis on inselberg taxa
throughout. Scholars have observed primarily large (>20 kg), migratory game hunting at other
eastern African sites with long faunal sequences, such as Enkapune Ya Muto (Marean 1992a),
Lukenya Hill (Marean 1992b), and Porc Epic Cave (Assefa 2006). Guli Waabayo, in
comparison, preserved a consistent record of mostly small (<20 kg), territorial game during the
site’s occupation. This suggested that regardless of climate, foragers opted to target animals local
to the Buur Heybe inselberg rather than hunt larger, more mobile animals in the open plains
surrounding the site. Intensive small game hunting has also been observed among African
ethnographic groups like the San of the Kalahari and Aka in the Congo Basin, often in
association with diversified hunting technologies such as snares, traps, and nets (Lee and Yellen
1976; Lupo and Schmitt 2005; Yellen 1991). Data from Guli Waabayo suggested similar
material investment among prehistoric foragers in southern Somalia.
Dik-dik antelope were by far the most common small animal recovered from the site. In fact, the
rock shelter preserved the largest assemblage of dik-dik bones (NISP 1,263) ever documented.
Aging data from the dik-dik bones at Guli Waabayo showed a consistent pattern through time.
The dik-dik assemblages associated with MIS 2 and MIS 1 indicated a preference for adult
individuals with a slight upward trend of older individuals in the later periods. Based on similar
prey age-based studies among ethnographic small game hunters in Africa, this pattern suggested
that foragers at Guli Waabayo used nets to capture the miniature antelope during the terminal
Pleistocene and Holocene. Net-hunting has been documented ethnographically in southern
Somalia, suggesting that similar methods for capturing dik-dik have remained an important part
of forager lives for ~26,000 years.
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A long-term investment in particularly productive habitats is also observed among Holocene
delayed-return Kansyore foragers in the Lake Victoria Basin of East Africa. I will now
summarize the main findings from Namundiri A in eastern Uganda.

6.1.2 Namundiri A, Eastern Uganda
Kansyore foragers are considered some of the only complex hunter-gatherers in Africa and have
been identified at sites dating between ~8.5-1.5 kya in western Kenya. Most Kansyore sites can
be attributed to an Early (~8.5-7 kya) or Late (~4.4-1.5 kya) Phase of occupation based on
ceramic surface decorations (Dale and Ashley 2010). Scholars have argued that between the
Early and Late Kansyore Phases, foragers developed increasingly delayed-return socioeconomic
systems that involved concepts of ownership, heavy investment in ceramic technology, seasonal
mobility patterns, and new fishing technologies such as weirs and nets (Dale 2007; Dale et al.
2004; Prendergast 2010; Prendergast and Lane 2010). A notable gap in the chronology ~7-4.4
kya, however, has continued to plague explanations of when and why Kansyore strategies
changed over time. A main goal of Ruth Tibesasa’s (Univeristy of Pretoria) and my research in
Uganda was to find evidence from this ~2,500-year gap. Our preliminary observations of the
ceramics from Namundiri A suggested an interesting combination of Early and Late Phase
attributes, which we thought might suggest occupation during the missing middle Kansyore
period. To test this hypothesis, I obtained four AMS radiocarbon dates from wood charcoal from
the site. The dates confirmed our prediction, indicating Kansyore people used Namundiri A
between 6,470-6,318 cal BP and 5,888-5,660 cal BP.
Our discovery of the first known Kansyore site from this missing middle period of the Kansyore
sequence contributed to closing the gap between the Early and Late Phases, providing a rare
opportunity for investigating the timing and nature of changing occupation and subsistence
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strategies through time. Other Kansyore sites in the Lake Victoria Basin can be divided into two
basic types: lakeshore shell middens and inland open-air sites on rivers. In general, lakeshore
sites (e.g. Luanda, Kanam, Pundo, and Kanjera West) and riverine sites (e.g. Siror and Gogo
Falls) in western Kenya have been dated to the Early Phase (Chritz et al. 2019; Dale 2007; Lane
et al. 2006; Robertshaw 1991; Robertshaw et al. 1983). The Late Phase, however, is almost
exclusively observed at riverine sites like Siror, Gogo Falls, and Wadh Lang’o (Dale 2007;
Karega-Munene 2002; Lane et al. 2006; Prendergast 2010; Robertshaw 1991) with one
exception, Usenge 3 (Lane et al. 2006). This pattern suggests a shift occurred from a more
diversified land use approach that exploited both lake and river environments in the Early Phase
~8.5-7 kya to a greater emphasis on inland rivers in the Late Phase ~4.4-1.5 kya. Until this study,
however, it was not clear when and how quickly Kansyore occupation and subsistence strategies
changed. Dates and faunal data from Namundiri A provide preliminary evidence that the
transition happened late and relatively suddenly.
The new dates from Namundiri A, when compared with site location and faunal data, indicate
that Kansyore foragers continued to use lakeshore environments into the mid-Holocene ~6.5-5.6
kya. The observed shift from a combined lake and river use pattern to a greater emphasis on
rivers over time therefore occurred sometime between the latest date at Namundiri A ~5.6 kya
and the oldest Late Phase date from Gogo Falls ~4.4 kya. This thousand-year period coincided
with a period of marked aridity ~5-4 kya (Garcin et al. 2012; Liu et al 2017; Thompson et al.
2002) and a gap in much of the hunter-gatherer archaeological record of East Africa ~6-3.5 kya
(Ambrose 1998). In this context, a shift away from the lakeshore to inland rivers by Kansyore
hunter-gatherers may have been a response to changing environmental conditions in the Lake
Victoria Basin driven by rainfall, as is predicted in other parts of East Africa. Faunal data from
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Namundiri A and other Early Phase lakeshore sites allowed me to examine Kansyore lake use
leading up to the inflection point between Early and Late Phase Kansyore systems. Findings
suggest a consistent subsistence strategy was practiced between ~8.5-5.6 kya.
A total of 7,444 bones were recovered from Namundiri A. Fish were the dominant taxa (87.1%)
and lungfish were the most common fish species identified (59.3%). Lungfish are primarily
found in the muddy banks of Lake Victoria and were characteristic of Early Kansyore lakeshore
sites in western Kenya (Gifford in Robertshaw et al. 1983; Prendergast and Lane 2010). A focus
on lungfish at Namundiri A suggests that Kansyore hunter-gatherers relied on the swampy
fringes of Lake Victoria for a long, ~3,000-year period. The mammalian fauna from Namundiri
A also indicated hunting practices similar to those observed in earlier periods.
The mammals from Namundiri A provided evidence of a mixed hunting strategy that targeted
taxa common in forested environments such as vervet monkeys (Chlorocebus spp.), giant forest
genet (Genetta victoriae), and giant forest hog (Hylochoerus meinertzhageni) as well as
grasslands and wet shoreline habitats. Grassland fauna include African elephant (Loxodonta
africana), warthogs (Phacochoerus spp.), plains zebra (Equus quagga), and eland (Taurotragus
oryx). Animals characteristic of the water’s edge include hippopotamus (Hippopotamus
amphibious), waterbuck (Kobus cf. ellipsiprymnus), and Bohor reedbuck (Redunca redunca).
Data from other sites in western Kenya suggest Early Phase Kansyore hunters interacted with a
lakeshore forest-grassland mosaic as well (Gifford in Robertshaw et al. 1983; Prendergast and
Lane 2010). Beyond this, the findings from Namundiri A also indicate that the lakeshore
environment did not change significantly between the Early Phase and middle period ~8.5-5.6
kya. Increased aridity and seasonal rainfall observed ~5-4 kya may have altered the landscape,
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however, leading to the near abandonment of the lakeshore by the Late Kansyore Phase ~4.4
kya.
Although sites from the semi-arid Horn of Africa and wet lake environments in East Africa
preserved evidence of hunter-gatherer occupation during different time periods in the terminal
Pleistocene and Holocene, overlap between the Guli Waabayo and Kansyore sequences ~12-5.6
kya allows comparison of forager occupation and subsistence strategies in distinct environmental
contexts during a broadly wet period in eastern Africa. Below, I discuss similarities and
differences in forager approaches to landscape and animal use in dry and wet eastern African
ecotones during the Early and mid-Holocene.

6.1.3 African Forager Systems in the Holocene Wet Period
MIS 1 dates from Guli Waabayo ~11-6 kya and dates from Namundiri A and other Early
Kansyore sites ~8.5-5.6 kya correspond with a period of increased rainfall across northern and
eastern Africa ~12-5 kya (Gasse 2000; Thompson et al. 2002; Tierney and deMenocal 2013).
Sustained use of the Guli Waabayo rock shelter and the florescence of Kansyore sites in the
Early and into the mid-Holocene contribute to a broad pattern of increased hunter-gatherer
visibility in the archaeological record of eastern Africa at this time. Scholars note a dearth of
terminal Pleistocene sites in the Horn during the arid MIS 2 (~29-11.7) (Assefa 2006; Brandt et
al. 2017). A lack of forager sites is also observed in East Africa during an arid period ~5-4 kya.
However, hunter-gatherer sites are well documented across eastern Africa in the Early Holocene
when rainfall was relatively high. Comparison of land-use and hunting and fishing practices
among hunter-gatherers in the semi-arid plains of southern Somalia and the productive Lake
Victoria Basin illustrate important similarities and differences in forager mobility and
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subsistence strategies in dry and wet ecotones, which relate, at least in part, to the abundance and
distribution of animal resources at this time.
Increased archaeological visibility among Early Holocene hunter-gatherer sites in eastern Africa
is likely associated with decreased mobility among some forager groups. Binford (1980, 2001)
argues that increased hunter-gatherer mobility leads to less intensive use of particular places and
so more ephemeral archaeological signatures on the landscape. Decreased mobility and repeated
use of specific places, on the other hand, creates denser, more easily identifiable sites such as
Guli Waabayo and Namundiri A. The number of forager sites across eastern Africa during the
Holocene wet period supports the notion that hunter-gatherer groups decreased their mobility and
reused sites more frequently when climatic conditions were favorable. Information about hunting
patterns at Guli Waabayo and fishing at Kansyore sites like Namundiri A suggest that repeated
use of certain places was tied to resource intensification.
Faunal data from Guli Waabayo demonstrates that foragers practiced specialized dik-dik nethunting strategies that focused on the bushy habitats on and around the Buur Heybe inselberg
~11-6 kya. Intensive use of inselberg environments led to a dense accumulation of animal bones
at the site. Similarly, shell middens in the northeastern Lake Victoria Basin dating between ~8.55.6 kya suggest that Early and middle Kansyore foragers repeatedly occupied certain areas along
the lakeshores. Large numbers of lungfish bones at Namundiri A and other related sites indicate
that the repeated use of lakeshore sites by Kansyore foragers may have been tied to intensive
fishing in swampy environments where lungfish were concentrated. Land-use and hunting and
fishing data from the semi-arid plains of southern Somalia and the productive Lake Victoria
Basin indicate a pattern of decreased mobility and resource intensification tied to particular local
habitats in the Holocene wet period. However, broad subsistence patterns observed at Guli
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Waabayo and Early and middle Kansyore sites also indicate differences in the diversity of
landscapes that hunter-gatherers in these regions relied on during the Early Holocene wet phase.
Abundant small animals concentrated at the Buur Heybe inselberg and relatively scarce
resources in the surrounding plains of southern Somalia restricted the subsistence opportunities
for hunter-gatherers at Guli Waabayo. As a result, they relied on a more focused and specialized
approach to animal-use than observed in the Lake Victoria Basin. Early and middle Kansyore
foragers, on the other hand, regularly foraged in the swampy fringes of Lake Victoria and nearby
riverine, forest, and grassland environments. The prevalence and variety of productive habitats in
the Lake Victoria Basin provided Kansyore foragers the opportunity to choose a more diversified
subsistence pattern than practiced by hunter-gatherers at the Buur Heybe inselberg in the Somali
grasslands. These contrasts between the habitats used by foragers in the productive Lake Victoria
Basin compared to the semi-arid Horn of Africa highlights the role that resource distribution
played in shaping hunter-gatherer lifeways during a wet period in the Holocene. Findings from
this study also indicate that habitat distribution affected the ways forager mobility and
subsistence strategies changed over time in eastern Africa. In the following section, I discuss
changing forager lifeways at the Buur Heybe inselberg and the northeastern Lake Victoria Basin
in relation to periods of climatic and environmental reorganization.

6.2 Change Through Time
Similarities and differences in land use and hunting and fishing patterns in the semi-arid Horn
and the productive Lake Victoria Basin during the Holocene wet period draw into focus the
different ways that eastern African hunter-gatherer groups interacted with their environments at a
time of high productivity regionally. By examining climatic inflection points in Late Quaternary
and Holocene eastern Africa, I investigate how forager strategies changed through time. At Guli
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Waabayo, I focus specifically on the shift from MIS 2 aridity to MIS 1 humidity in the Horn of
Africa. I then compare this transition with changing Kansyore land use and subsistence strategies
before and after a later period of mid-Holocene aridification in East Africa ~5-4 kya.

6.2.1 Stability and Change in Eastern African Forager Systems
The archaeological sequence at Guli Waabayo captures forager occupation during two distinct
climatic episodes in the Horn of Africa: the dry MIS 2 (~29-11.7 kya) and the wetter MIS 1
(after 11.7 kya). Comparison of faunal data from these two periods sheds light on decisionmaking among African semi-arid adapted hunter-gatherers and responses to a dramatic shift in
rainfall patterns after ~11.7 kya. The earliest occupations at Guli Waabayo ~26-11 kya, coincide
with an arid phase in the Horn of Africa. Guli Waabayo is the only site in the broader region with
multiple dates from this period. The lack of other sites from MIS 2 suggest that foragers in the
semi-arid and arid Horn were generally mobile, leaving few archaeological traces on the
landscape. Evidence of continued occupation at Guli Waabayo, however, demonstrates that in
certain ecological settings, people regularly reused sites throughout the hyper-arid phase. By
relying on the dense, spatially distinct animal resources provided by Buur Heybe, hunter-gatherer
groups at Guli Waabayo maintained a lower mobility strategy than people living in other parts of
the Horn at a time when rainfall was low and less evenly distributed throughout the year (Reid et
al. 2019).
A greater number of hunter-gatherer sites exist across the Horn of Africa in MIS 1 (after ~11.7
kya) than in MIS 2, suggesting a regional pattern of decreased mobility when rainfall and
environmental productivity were elevated. At Guli Waabayo, the data shows that people
maintained earlier lifeways on and around Buur Heybe throughout dry and wet climatic phases.
Although the amount and distribution of animals in the plains surrounding the site likely
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increased and became more consistent after ~11 kya, foragers continued and even intensified
their investment in localized inselberg animals, particularly dik-dik. The persistence of Buur
Heybe as a focal point for forager activities in MIS 1 demonstrates a commitment to a particular
way of life which may be linked to growing ideas of ownership of place and territoriality. Brandt
(1988) argued that Holocene human burials at the Gogoshiis Qabe rock shelter on Buur Heybe
signaled the growing importance of the inselberg to the people who lived there. Faunal evidence
from Guli Waabayo supports this notion, suggesting that the process by which Buur Heybe
became important to people extends back into the terminal Pleistocene and relates to a particular,
inselberg-centric, approach to landscape and foraging. As a result, the unique distribution of food
and water resources at Buur Heybe provided foragers a venue for low mobility and subsistence
stability throughout periods of dramatic climatic fluctuations. In contrast, greater long-term
variability in Kansyore lifeways existed throughout this period in the Lake Victoria Basin of East
Africa.
Tryon et al. (2016) argue that terminal Pleistocene aridity caused a major expansion of
grasslands in the Lake Victoria Basin prior to the emergence of Kansyore lifeways ~15-14 kya.
Although little is known about hunter-gatherer occupation in the region in the terminal
Pleistocene, it is possible that a lack of sites relates to highly mobile hunter-gatherer strategies in
a homogenous, grass-dominated landscape. A shift to a more diverse forest-grassland mosaic
occurred with greater rainfall in the Early Holocene (Kendall 1969; Tryon et al. 2016). At this
time, archaeologists observe patterns of repeated site use and dense accumulations of artifacts by
Kansyore foragers ~8.5-5.6 kya. Paleoclimatic evidence shows that this three thousand-year
period was marked by a gradual reduction in rainfall and increasing seasonality, but precipitation
changes did not have a dramatic effect on the Lake Victoria Basin landscape until ~5 kya.
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Early Kansyore lifeways ~8.5-5.6 kya coincided with relative environmental stability, but aridity
and rainfall seasonality peaked in the region ~5-4 kya. This triggered a shift from more closed
environments to grasslands around Lake Victoria. In response, my analysis of Kansyore sites
suggests that forager occupation along the lakeshores and inland rivers transitioned to a greater
investment in riverine environments. A shift in land use coincided with increasingly specialized
fishing strategies, seasonal mobility patterns, and a heavier reliance on the production and use of
pottery. Changing Kansyore strategies in the Late Phase ~4.4-1.5 kya may have been a response
by people to decreasing environmental productivity on the shores of Lake Victoria. However,
evidence also suggests that Late Kansyore occupation overlapped with the arrival of Elmenteitan
pastoralists in grasslands by ~3 kya and Early Iron Age agriculturalists around the lake in arable
areas at the same time or a little later. Relationships among Kansyore foragers and early food
producers in East Africa is yet unclear, but it is likely that their arrival in the Lake Victoria
region influenced the ways Kansyore foragers interacted with the broader landscape and
resources in the mid- and Late Holocene.
Evidence of hunter-gatherer reorganization in the face of increasing aridity in the mid-Holocene
contrasts with long-term stability in forager mobility and subsistence strategies in the semi-arid
Horn of Africa. Differences in the willingness of forager communities to change as climatic
conditions fluctuated in different eastern African environments broaden perspectives on
decision-making and organization of hunter-gatherers in tropical settings. In the final section of
this dissertation, I discuss the broad implications of this study for understandings of tropical
forager variability with a specific focus on the ways findings from this study intersect with recent
discussions about hunter-gatherer flexibility and resilience globally.
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6.3 Hunter-gatherer Variability in the African Tropics
Ideas about hunter-gatherer socioeconomic variability are often conceptualized around whether
groups have discernably elaborate social structures or not. However, recent discussions
acknowledge the role of behavioral flexibility in creating social and economic diversity among
forager groups in the past. Most studies of forager flexibility focus on people living in temperate
environments where seasonal fluctuations in temperature and precipitation affect the availability
of resources throughout the year rather than equatorial regions. Evidence from the Guli Waabayo
rock shelter in southern Somalia and the Namundiri A shell midden in eastern Uganda
demonstrate that the ability of foragers to adjust to long-term social and environmental
transformations can also lead to variability in hunter-gatherer mobility and subsistence strategies
in less seasonal tropical environments. Broad patterns of stability and change among forager
groups in eastern Africa during the climatically variable terminal Pleistocene and Holocene
indicate that hunter-gatherer behavioral flexibility played different roles in different
environmental contexts over time. Decisions by prehistoric hunter-gatherer groups to either
change or maintain their lifeways affected the long-term success (i.e. resilience) of certain
groups, particularly in the face of dramatic changes in rainfall over the last ~26,000 years in
eastern Africa.

6.3.1 Flexibility and Resilience in Eastern Africa
The archaeological records of Guli Waabayo in southern Somalia and among Kansyore sites in
the Lake Victoria Basin demonstrate repeated, millennia-scale occupation, suggesting long-term
resilience among less mobile hunter-gatherer strategies in these areas. In this study, I examined
patterns of land use and subsistence through time to understand the ways people maintained
prolonged archaeological visibility as rainfall patterns changed significantly over the last
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~26,000 years in dry and wet eastern African ecotones. In doing so, my goal was to investigate
factors that contributed to the resilience of some forager groups in order to better understand the
role that environment plays in hunter-gatherer organization and decision-making over time. It is
well known that changes in environment result in a new set of choices for hunter-gatherer
groups, but also that they rarely dictate a single outcome.
Resilience Theory frameworks applied to archaeology hold that environmental reorganization
should be met with social and economic reorganization among hunter-gatherer groups (Rosen &
Rivera-Collazo 2012; Solich & Bradtmöller 2017; Thompson & Turck 2009). In arid regions of
Africa, where highly mobile, immediate-return foragers are documented ethnographically, it
would be expected that increased mobility and diversified subsistence strategies would be best
suited to dry periods in the past. Only with increased rainfall should groups decrease their
mobility and intensify their use of certain resources. Findings from this study, however,
demonstrate that a simple correlation between climate change and human responses does not
exist (Fig. 6.1). Instead, comparison of terminal Pleistocene and Holocene hunter-gatherers in the
semi-arid plains of the Horn of Africa and the wet, productive environments surrounding Lake
Victoria in East Africa reveal regionally specific patterns of reorganization and stability in
response to similar shifts from aridity to humidity and vice versa during the terminal Pleistocene
and Holocene.
At Guli Waabayo, foragers developed and maintained lower mobility and a specialized
subsistence strategy that allowed families to exploit a concentration of small, territorial game at
the Buur Heybe inselberg during an arid period ~26-11 kya. Increased rainfall ~11 kya, however,
was not met with forager reorganization. This suggests that foraging people decided to maintain
earlier lifeways rather than take advantage of new opportunities provided by an overall rise in
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environmental productivity. The reasons for the maintenance of an inselberg-centric way of life
for ~20,000 years need further study, but faunal data from the site and Holocene human burials
at a nearby site suggest social factors such as developing ideas of ownership of place may have
played a role.
Study of Kansyore foragers, on the other hand, revealed a pattern that more closely follows
predictions from Resilience Theory. Decreased mobility and the development of a unique forager
system that involved some of the earliest hunter-gatherer pottery in Africa, and intensive use of a
variety of different environments and resources coincided with the onset of higher rainfall levels
in the Early Holocene. Kansyore hunter-gatherer groups maintained this social and economic
pattern for ~3,000 years during a period of relative environmental stability in the Lake Victoria
Basin. When arid conditions returned in the mid-Holocene, people who lived at Kansyore sites
reduced the types of sites they occupied, decreased their use of the shoreline, and developed
increasingly specialized subsistence strategies based on riverine resources. Reorganization
among Kansyore forager groups in the mid-Holocene likely occurred in response to changing
environments and resource availability in the Lake Victoria Basin, but also may have been
influenced by increasing social factors including relationships with and competition from the
arrival of early herders and later agriculturalists after ~3-2 kya (Frahm et al. 2017; KaregaMunene 2002; Lane et al. 2006; Prendergast 2010).
Differences in forager responses to shifts between aridity and humidity in eastern Africa suggest
that hunter-gatherer resilience in the African tropics did not always follow prescribed paths
dictated by ecological factors. Instead, hunting and gathering people remained in certain places
for thousands of years. Flexibility in this sense may not only be understood as behavioral
reactions to environmental changes. Evidence of socioeconomic reorganization and stability in
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hunter-gatherer lifeways over time at Guli Waabayo and Kansyore sites indicates that the ability
of people to make flexible and sometimes unexpected decisions to suit their own specific social
and economic needs can also result in resilient forager systems through time. In this way,
findings from this study agree broadly with other studies of hunter-gatherer flexibility in
temperate latitudes and suggest that variability in tropical environments may be better observed
by looking at long-term processes of change and stability among hunter-gatherers that span
decades, centuries, and millennia, rather than concentrating on seasonal variability throughout
the year.
I conclude by summarizing the main contributions of this study to global theoretical
understandings of hunter-gatherer variability and regional perspectives on terminal Pleistocene
chronologies in eastern Africa. I then discuss future directions for expanding this initial work
into new conceptual and geographic areas.
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Figure 6.2 Summary of predicted and observed eastern African hunter-gatherer responses to climatic reorganization
over the last ~26,000 years.

6.4 Conclusion
Here, I summarize the main contributions of this research to archaeological and anthropological
discussions around hunter-gatherer variability broadly, as well as to the regional chronologies of
two understudied regions in eastern Africa. I conclude with a brief review of future and ongoing
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research related to terminal Pleistocene and Holocene foragers in southern Somalia, eastern
Uganda, and beyond.

6.4.1 Theoretical Contributions
This is the first study comparing long-term hunter-gatherer variability in discrete dry and wet
eastern African ecotones during the terminal Pleistocene and Holocene. Findings highlight
mobility and subsistence stability and reorganization among forager groups as they relate to
landscape diversity and climatic changes over the last ~26,000 years. By investigating the fluid
relationships among environmental changes and forager land and resource use over thousands of
years, this study provides unique insights into the factors that contributed to hunter-gatherer
resilience and socioeconomic complexity in the African tropics over time. This is significant
because most studies of changing forager organization have focused primarily in temperate
latitudes over shorter timescales.
Evidence presented here of flexible and resilient hunter-gatherer strategies linked to
technological elaboration and possible territoriality, which contrast with ethnographic accounts
of highly mobile, immediate-return foragers in Africa, indicate greater variability in the
archaeological record of tropical foragers than often assumed. By highlighting the ability of nonfood producing people to make variable decisions based on their own unique social, economic,
and environmental circumstances rather than along predetermined paths, findings from this study
engage ongoing work on hunter-gatherer socioeconomic flexibility in the Americas and Eurasia
(Angelbeck & Grier 2012; Wengrow & Graeber 2015). This project, therefore, represents a first
step in integrating tropical Africa into global conversations regarding how, when, where, and
why foraging people develop new social and economic systems. This is important for
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understanding the ways hunting and gathering, as the most successful and enduring subsistence
strategy in human history, shaped our species over the last ~2 million years.
In addition to contributing to theoretical discourses about hunter-gatherers broadly, this research
addresses regional data holes in southern Somalia and eastern Uganda. Findings presented here,
and the ensuing publications, draw attention to these areas, which have been overlooked by
archaeologists historically. They also provide baseline data for future comparative work designed
to understand the long and diverse prehistory of eastern Africa as a whole

6.4.2 Regional Contributions
This is the first systematic chronological study of a long terminal Pleistocene and Holocene
sequence ever conducted in Somalia. As a result, radiometric and faunal data from Guli
Waabayo are the only available information for understanding the deep-time legacy of people in
the region. Lithics and human skeletal material from Guli Waabayo, as well as fauna, lithics, and
human bones from the nearby Gogoshiis Qabe rock shelter at Buur Heybe in southern Somalia
offer opportunities for additional analyses, but new archaeological research in the region is
unlikely in the foreseeable future. Continuing violence (Ikaneng 2017) and coastal piracy
(Salopek 2013) related to civil unrest in Somalia has deterred researchers from working in the
country for ~30 years, resulting in an ever-widening data hole in the region (Jacobs 2017).
Without new archaeological excavations, the materials Guli Waabayo and Gogoshiis Qabe offer
the only available datasets relating to the people of southern Somalia over the last ~26,000 years.
This study is a first step in revitalizing archaeological interest in the region. However, it is
crucial that scholars, including myself, continue to work with and think about these rare
materials.
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For reasons that are less clear, eastern Uganda has also remained unstudied by archaeologists.
Between 2016 and 2018, Ruth Tibesasa and I conducted the first professional archaeological
excavations and analyses in the region. As a result, findings from this research, as well as from
Tibesasa’s forthcoming Ph.D. dissertation on the ceramics from Namundiri A and other sites in
the area, represent the only available information for understanding how eastern Uganda fits into
the Holocene chronology of the Lake Victoria Basin. We identified numerous Kansyore and
Early Iron Age sites in the area during surveys. Unfortunately, many of these sites have been or
are currently being destroyed by companies from Kampala and Nairobi targeting them for
harcest of ancient mollusk shells to make chicken food. We have established contacts with some
of the shell miners operating in eastern Uganda and have plans, pending funding, to return to
recover archaeological data before it is lost to industrial agriculture forever.

6.4.3 Future Directions
Building on the research presented here on mid-Holocene hunter-gatherers, comparative projects
focused on materials from southern Somalia, eastern Uganda, and North America are either
ongoing or planned for the near future. Analyses of the lithics from Guli Waabayo and Gogoshiis
Qabe are currently underway by Dr. Steven Brandt at the University of Florida. Additionally,
Marie Matu (under the guidance of Dr Isabelle Crevecoeur) from the Université Bordeaux is
conducting her Ph.D. dissertation research on human skeletal remains from the two rock shelters.
Although findings from these studies are not currently available, the results will undoubtedly
provide more nuanced data regarding the lives of terminal Pleistocene and Holocene foragers
living at Buur Heybe. Once all analyses are finished, Brandt, Matu, and I plan to write an article
synthesizing our diverse datasets. It should also be noted that although paleobotanical data are
not currently available from Guli Waabayo, the eventual recovery and analysis of these materials
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will provide greater clarity on the relationships among forager subsistence and changing
environments at the Buur Heybe inselberg.
This study discussed the new radiocarbon dates and faunal data from Namundiri A.
However, Tibesasa and I identified other Kansyore and Early Iron Age sites in the region. We
are currently writing a report on our fieldwork and findings from 2016 and 2018 for the journal
Nyame Akuma. During fieldwork, we also excavated another nearby shell midden site, Namaboni
B. I am currently processing C and O isotopic data from hippopotamus teeth from Namundiri A
and Namaboni B (following Chritz et al. 2016), as well as faunal and radiocarbon dates from
Namaboni B. Once the data is available, Tibesasa and I plan to write an article comparing the
two sites that will investigate patterns of Kansyore mobility and fishing/hunting on a local scale.
The botanical remains from both sites are also currently being analyzed. That data will be
incorporated into future articles and analyses to better understand the ways Kansyore huntergatherers incorporated plant foods into their subsistence strategies during periods of climatic
change. In addition, Ruth and I will write proposals for funding to return to eastern Uganda to
continue surveying and excavating sites in the region before they are destroyed. The proposed
research will also include analyses of unstudied faunal materials from Kansyore sites that were
previously excavated in western Kenya, such as the lower levels from the site of Siror studied by
Darla Dale, now curated at the National Museums of Kenya.
Along with plans to continue research in southern Somali and eastern Uganda, I would like to
extend my study of mid-Holocene hunter-gatherer variability and subsistence strategies to North
America. Analysis of unstudied museum faunal collections from Holocene sites in different parts
of North America, likely beginning with the southeast U.S., will provide interesting global
comparisons and contrasts with findings from eastern Africa. My hope is that by comparing
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different world regions using the comparative framework and theoretical lens established here, I
will be able to produce parallel datasets that can be used to investigate hunter-gatherer variability
along axes of land use and subsistence globally.
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